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ENERGY: MAXIMIZING RESOURCES, MEETING
NEEDS AND RETAINING JOBS

MONDAY, JUNE 17, 2002

HOUSE OF REPRESENTATIVES,
SUBCOMMITTEE ON ENERGY POLICY, NATURAL
RESOURCES AND REGULATORY AFFAIRS,
COMMITTEE ON GOVERNMENT REFORM,
Peabody, MA.

The subcommittee met, pursuant to notice, at 11 a.m., in Wiggins
Auditorium, Peabody City Hall, Peabody, MA, Hon. Doug Ose
(chairman of the subcommittee) presiding.

Present: Representatives Ose and Tierney.

1S‘i'{aff present: Dan Skopec, staff director; and Allison Freeman,
clerk.

Mr. OseE. Welcome to today’s hearing of the Subcommittee on En-
ergy Policy, Natural Resources and Regulatory Affairs here in Pea-
body, Massachusetts. I want to preface my opening statement by
welcoming our witnesses today and thanking Congressman Tierney
for suggesting the idea of coming up here. I have searched for 3%
years to find some means of getting John to lean to the right. I had
no idea I just had to come up here on the stage. [Laughter.]

The purpose of today’s hearing is to consider recommendations to
address our Nation’s energy challenges. A sound energy policy is
essential to all Americans, regardless of whether we are from the
East, the South, the Midwest, the Northeast, or the West. Energy
supplies are essential to heating and cooling our homes, running
our modern technology, moving goods across the country, and fuel-
ing our economy. As a resident of California, I have the dubious
first-hand knowledge of how important a stable and affordable en-
ergy supply is. As you may well realize, over the past few years
California has undergone a severe energy crisis. Due to blackouts,
increased rates, and high natural gas prices, Californians have suf-
fered mightily as a result of our energy woes.

However, energy is a commodity that most people take for grant-
ed, regardless of where you live. Every time you turn your com-
puter on or cook dinner on the stove you use energy. We use energy
in these lights; we use energy in these microphones. Most people
do not think about where it comes from or how it is produced. How-
ever, the issues surrounding energy policy are just as complex and
important as in other major public policy arenas. And, unfortu-
nately, we have ignored many of these problems for far too long.

Our current energy system is old and out of date. Most electric
utilities are structured the same way they were at the turn of the
century, and I challenge you to cite me an example similar in na-
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ture. We still rely too much on foreign oil to propel our economy.
We have not worked hard enough to encourage renewable energy
sources or promote energy efficiency—and as an aside, I do want
to tell the people of Peabody that Congressman Tierney is an able
and staunch advocate of renewable sources of this nature—and as
a consequence, going back to my point, our energy infrastructure
is woefully insufficient.

For the first time in a decade, we are finally attempting to mod-
ernize our energy policy. In May of last year, President Bush un-
veiled his National Energy Policy, which is a set of recommenda-
tions and goals for Congress to follow. The President’s plan rep-
resents the most comprehensive approach to energy policy in a gen-
eration. The plan balances the need for creating new energy sup-
plies with the goals of improving the efficiency of our energy sys-
tem in a way that protects the environment and promotes economic
growth.

In August 2001, the House passed H.R. 4. This legislation encom-
passed most of President Bush’s priorities. This spring, the Senate
passed its version of H.R. 4. The two bills have some significant
differences, and we will be looking at those in a Conference Com-
mittee this summer and fall, the conferees of which were just ap-
pointed this past week.

Let me now point out a few of the highlights in the House bill.
Important here in the Northeast, the bill increases funding for the
Low-Income Home Energy Assistance Program, LIHEAP, to meet
the energy needs during the winter. Interestingly enough, in Cali-
fornia, we use LIHEAP funds to help people cool their houses in
the summer.

The House bill also includes several provisions to improve energy
efficiency in appliances, homes, and office buildings. It expands the
Energy Star Program, which is run out of the Department of En-
ergy and the Environmental Protection Agency. The Energy Star
label is only awarded to products that significantly exceed the min-
imum energy efficiency standards. This bill provides tax credits for
people who install such technologies in their homes or places of
business. The bill also requires all Federal facilities to use energy
efficient products and build to the highest standards.

I am especially pleased that the House renewed the tax credit for
renewable energy products. Renewable energy, such as geothermal,
wind, biomass, and solar, show great promise in contributing to our
energy needs. Now, I want to be clear here, I don’t want to fool
anybody about this, renewable energy is an important component,
but it cannot be the only piece to the solution. Now we have an
overhead slide in terms of the electricity generation. Fact of the
matter is we need to promote biomass and wind and these others
wherever we can.

In Sacramento Valley, we produce a lot of rice. Rice straw is a
waste product of the rice growing process. The reality is we have
a lot of rice straw leftover after we harvest the rice. And one of the
things in H.R. 4 that we do is we create a tax credit for open-loop
biomass products like rice straw. So instead of burning the straw,
we can convert it into energy and produce electricity.

The House bill also increases the fuel economy of light duty
trucks in an effort to save 5 billion gallons of gasoline over the cur-
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rent standards that are in place. The House bill encourages the de-
velopment of alternative fuel or hybrid vehicles by increasing the
requirement on the Federal Government to purchase vehicles, pro-
viding grants to State and local governments to purchase those ve-
hicles, providing large tax credits for individuals and businesses
that do purchase such products.

Now, these are just a few of the things that were in H.R. 4, and
we are going to try to improve it in the Conference Committee. One
of the purposes of this hearing is to allow Congressman Tierney
and I to take some input back to Washington for the purpose of en-
gaging in that conversation.

Now, I do want to speak a little bit about one particular facet
of the Senate bill, as opposed to the House bill. The Senate bill re-
quires 5 billion gallons of ethanol to be used nationwide by the
year 2012. At present, even with the support of significant Federal
subsidies, the Nation only uses about 1.7 billion gallons. At a re-
cent hearing in my subcommittee, energy experts predicted that
the Senate ethanol mandate would increase the price of gasoline in
non-attainment areas by up to 10 cents per gallon. The Northeast
has many areas that are non-attainment in terms of air quality,
and that is a cost that the people who live in the Northeast and
in California will have to bear.

The reality is that studies have shown that using ethanol is a net
energy loss. In other words, it requires about a third more in en-
ergy to create ethanol as it does to produce. The Senate ethanol
mandate is a massive transfer of wealth from non-ethanol produc-
ing States to ethanol producing States, and I would hope that as
we consider this provision in the Conference Committee that we
would go back to good science and good policy rather than focus so
much on politics.

And I do want to welcome our witnesses today. We have an ex-
cellent panel, many of whom were suggested by Congressman
Tierney. Today’s witnesses I will introduce in a moment, but now
I would like to yield to Congressman Tierney for the purposes of
an opening statement.

[The prepared statement of Hon. Doug Ose follows:]



Chairman Doug Ose
Opening Statement
Energy: Maximizing Resources, Meeting Needs, Retaining Jobs
Peabody, Massachusetts
June 17, 2002

The purpose of today’s hearing is to consider recommendations to address our nation’s
energy challenges. A sound energy policy is essential to all Americans. Whether we are
from the East, the South, the Midwest, or the West, energy supplies are essential to
heating or cooling our homes, running our modern technology, moving goods across the
country, and fueling our economy. As a resident of California, I know firsthand the
importance of stable and affordable energy supplies. Over the last few years, California
has faced a severe energy crisis. Due to blackouts, increased electricity rates, and high
natural gas prices, Californians have suffered mightily as a result of our energy woes.

However, energy is a commodity that most people take for granted. Every time you turn
your computer on, or cook dinner on the stove, you use energy. Most people do not think
about where energy comes from or how it is produced. However, the issues surrounding
energy policy are just as complex and important as in other major public policy arenas.
Unfortunately, we have ignored the problems for far too long. Our current energy system
is old and out-of-date. Most electric utilities are structured the same way they were at the
turn of the century. We still rely too much on foreign oil to propel our economy. We
have not worked hard enough to encourage renewable energy sources or promote energy
efficiency. And, our energy infrastructure is woefully insufficient.

For the first time in a decade, we are attempting to modernize America’s energy policy.
In May 2001, President Bush unveiled his National Energy Policy, a set of
recommendations and goals for Congress to follow. The President’s plan represents the
most comprehensive approach to energy policy in a generation. The plan balances the
need for creating new energy supplies with the goals of improving the efficiency of our
energy system in a way that protects the environment and promotes economic growth.

In August 2001, the House of Representatives passed, H.R. 4, “Securing America’s
Future Energy Act of 2001.” This legislation encompassed most of President Bush’s
priorities. This spring, the Senate passed its version of H.R. 4. The two bills have some
significant differences, which will be ironed out in a Conference Committee this summer
and fall.

Let me now point out a few of the highlights inthe House bill. The bill increases funding
for the Low Income Home Energy Assistance Program (LIHEAP), to meet the energy
needs of low-income Americans. In Massachusetts, this money will help more people
keep their homes warm in the winter. Interestingly, in California, LIHEAP funds help
people keep their houses cool in the summer.

The House bill also includes several provisions to improve energy efficiency in
appliances, homes, and office buildings. It expands the Energy Star program, run by the



Department of Energy and the Environmental Protection Agency. The Energy Star label
is only awarded to products that significantly exceed minimum energy efficiency
standards. The bill provides tax credits for people who install energy efficiency
technologies in their homes or places of business. The bill also requires that all Federal
facilities use energy efficient products and build to the highest standards.

I am especially pleased that the House expanded the tax credit for renewable energy
products. Renewable energy, such as wind, geothermal, biomass, and solar, shows great
promise in contributing to our energy needs. I do not want to fool anyone today.
Renewable energy simply cannot replace our existing energy supply. But, we should
promote it whenever it is economically feasible. For example, in the Sacramento Valley,
we produce a lot of rice. Rice straw is a waste product of the rice-growing process.
Traditionally, farmers have burned leftover rice straw. Unfortunately, burning rice straw
creates serious air pollution problems in the Sacramento Valley. Wisely, H.R. 4 provides
a tax credit for open-loop biomass products, like the rice straw in my district.! Now,
instead of burning rice straw and creating air pollution, we can turn rice straw into energy
and produce electricity.

The House bill also increases the fuel economy of light duty trucks, an effort that will
save 5 billion gallons of gasoline over the current standards. The House bill encourages
the development of alternative-fuel or hybrid vehicles by increasing the requirement that
the Federal government purchase such vehicles, providing grants to State and local
govermnments to purchase such vehicles, and providing large tax credits for individuals
and businesses that purchase hybrid or alternative-fuel cars and trucks.

These are but a few of the highlights in the House bill, H.R. 4. While I acknowledge that
this legislation is not perfect, it represents a great step forward in terms of bringing our
energy policy into the 21* Century.

I have focused my comments on the House energy bill. However, I want to make one
important point on the Senate energy bill. The Senate bill contains a new subsidy to the
ethanol industry that will raise the price of gasoline for consumers in California and
Massachusetts. The Senate bill requires 5 billion gallons of ethanol to be used
nationwide by the year 2012. Today, despite the fact that ethanol gets generous tax
credits, the nation only uses about 1.7 billion gallons. At a recent hearing in my
Subcommittee, energy experts predicted that the Senate ethanol mandate would increase
the price of gasoline 10 cents per gallon on average. Furthermore, studies have shown
that ethanol production is a net energy loss. That is, it takes more energy to produce
ethanol than the ethanol is actually worth. Quite simply, the Senate ethanol mandate is a
massive transfer of wealth from the ethanol producing states to the non-ethanol producing
states. As we consider ways to improve our energy policy, I would hope that Congress
avoids costly mandates based on faulty science and a heavy dose of politics.

' Open-loop biomass includes waste products from agriculture.
2 Fuel cell vehicles: $4000-$40,000; hybrid motor vehicles: $250 - $10,000; lean burn technology vehicles:
$1,000-$3,500. Range of figures depends on weight class and fuel efficiency.
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ook forward to the witness testimony today. I hope to learn how we can improve the
way we supply, use, and conserve our energy resources.

The witnesses for the hearing include: David Fairman, Vice President of
International Dispute Resolution, The Consensus Building Institute; Steve Bernow,
Energy Group Director, Tellus Institute; George Sterzinger, Executive Director,
Renewable Energy Policy Project; Roger Little, CEO, Spire Corporation; and Byron
Swift, Director, Energy and Innovation Center, Environmental Law Institute.
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Mr. TiErNEY. Thank you very much, Mr. Chairman. I want to
just tell the folks from the 6th District that have showed up here
today how pleased I am that you have consented to have this hear-
ing in the District. This is a matter of obvious importance to all of
us throughout this entire region, and I understand the difficulties
that California has had recently, and people here should know the
role that you play in trying to resolve some of the issues there and
bring about some solutions. We have had any number of hearings
now in Washington and in California on the issues that affect not
only the State of California but the entire Nation, and we appre-
ciate your commitment and your work in that area, and again ap-
preciate your ability to join us here.

The Senate does have a different version than the House on H.R.
4 in the energy bill. I have to be direct and tell people I wasn’t
pleased with either bill. I think that the House version certainly
needed a lot of refinement, and the Senate bill, while it had some
good aspects, like renewable portfolios required, failed to do any-
thing of significance with the CAFE standards, and I think both
bills certainly could have had a better distribution of research and
development moneys as well as a greater amount of research and
development moneys if we really are going to shift our policy in
this country.

Congressman Ose is right in saying that we are not instanta-
neously going to move from fossil fuels to other sources of energy,
and I don’t think anybody reasonably would try to make the case
that we could. But we can in this country take a look forward and
look to see where we want to be at a certain point of time and try
to move there as quickly as possible so that we can displace as
much of the fossil fuel reliance as possible into very reliable and
cheaper and cleaner fuels.

So the energy independence, the impact of fossil fuels on our en-
vironment and the potential of renewables, alternatives, and en-
ergy efficiency to meet our needs while creating jobs, that’s of great
importance to people here, and I think that’s another significant
factor, in every change that we have, whether it is in trade or
whether it is in energy in other areas, there are some people that
will be displaced, most notably in the energy field, there will be
people in the coal and oil industries. And we have to consider that
as part of our policy planning so that people there have a cushion
for the impact on that and get back to employment at the rates
that they are employed currently, or as near as possible for their
families and for their communities.

In this post-September 11th world, it has become more and more
important that the United States achieve independence from the
Middle East. For decades, domestic oil prices have risen and fallen
on the whim of OPEC. To protect our national security, we cannot
continue at the current level of reliance on foreign oil. We need to
reform the way we obtain, process, and use energy resources. Each
day, 48 percent of the oil consumed by Americans comes from over-
seas. In fact, in 2000, we spent $380 per person, totaling $106 bil-
lion, importing crude oil. We rely so heavily on imports because no
new oil fields have been discovered in the United States for dec-
ades.
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Even drilling in the Arctic National Wildlife Refuge will not solve
our energy needs. Experts tell us that ANWR will only contribute
a trivial 1 percent to the U.S. share of worldwide oil reserves. That
leaves us few options other than continued reliance on foreign im-
ports of oil. If we stay the current course, by 2020 the percentage
of oil that is important will grow to 62 percent. And since two-
thirds of the world’s oil lies in the Middle East, we will be beholden
to regimes like those in Saudi Arabia, Iraq, and Iran. And we have
the charts down there that show, I think, pretty clearly our energy
sources, also the one, the distribution of oil reserves, showing us
just from which countries we get our oil.

In addition to the situation in the Middle East, and the large
amount of oil that we import there which subjects us to the whims
of those nations, Venezuela provides a significant amount of oil to
this country and is certainly not a stable situation that is reliable
at this point, in my mind. So it is not just the Middle East, it is
elsewhere from which we take our oil reserves that we have to be
cautious of.

The type of energy that we have used, mostly fossil fuels, has
served us well over the past 150 years. We have benefited from a
tremendous economic boom and enjoy an unprecedented quality of
life. We still, however, know that it has come at the price to our
health and to our environment. At the same time, this continued
reliance on oil threatens our national security. We are also destroy-
ing our environment through the use of fossil fuels. Two weeks ago,
the President’s Environmental Protection Agency released a report
that acknowledges the role of man-made pollutants as a significant
source of global warming. The question is no longer over whether
warming occurs but rather over the extent, the speed and the mag-
nitude of its effects.

We have both the means and the way to address this dual di-
lemma. The means to a safe and sound energy future lie in ad-
vanced energy-efficient and low carbon technologies, and the way
is through smart public policy.

It is time to reduce oil consumption through vehicle efficiency in
new fuels. Between 1975 and 1998, Carbon Average Fuel Economy,
known as CAFE standards, resulted in nearly doubling new pas-
senger car fuel economy. In 2000 alone, CAFE standards saved the
country 60 billion gallons and over $90 billion. This has had a posi-
tive effect on our environment and a positive effect on the wallets
of drivers when they pull up to the gas pump.

We can also reduce energy consumption by improving the effi-
ciency standards required of commonly used appliances, like air
conditioners, refrigerators, photocopiers, and fax machines. Just
these standards already on the books are estimated to save con-
sumers over $150 billion in energy costs by 2020.

Even as we improve efficiency, we can also improve our energy
independence and help the environment by increasing the use of
renewable energy sources. Renewables are available to all Ameri-
cans no matter where they live. Wind, sun, water, and plants,
which can all be converted into energy, can be found in every re-
gion of the country, and it is a tremendously popular idea with the
public. A Gallop poll that was held in November 2001 showed sup-
port of 90 percent for investments in wind and solar power. Elec-
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tricity generated by wind turbines is the fastest growing electricity
source in the world and is growing at the rate of 25 percent per
year. The energy contained in plants and organic matter, biomass,
1s used to generate electricity, heat homes, fuel vehicles, and pro-
vide process heat for industrial facilities, and its exploitation would
be a boon to rural economies. The cost of solar power, used to insu-
late buildings and reduce heating and cooling costs, has fallen by
90 percent since the 1970’s. Once recent study predicts that solar
][O)anel costs will plunge from $5.12 per watt now to $1.75 per watt
y 2020.

We could easily build on these successes but only with increased
investment in research and development. The private and public
sectors need to work together to achieve this mutually beneficial
result. Ultimately, energy research and development is declining,
with the U.S. Federal spending plummeting from $6.55 billion in
1978 to under $2 billion in 1998—$6.55 billion in 1978 to $2 billion
in 1998. In that year, the President’s Committee of Advisors on
Science and Technology recommended doubling research and devel-
opment over 5 years. It said that our programs were, “not commen-
surate in scope and scale with the energy challenges and opportu-
nities the 21st century will present.”

Now, as I mentioned earlier, obviously the transition to signifi-
cant reliance on other sources of energy and the move away from
a fossil fuel dominated lifestyle won’t be done instantaneously. To-
day’s hearing will hopefully provide Congress with information on
existing sources, their location and quantities, as well as potential
replacements and the practical timeframe within which transition
might occur.

Although some fear that transforming our energy policies will
lead to profit loss and layoffs, we know that doesn’t have to be the
case. Companies like Dupont, Johnson & Johnson, Suncor Energy,
and others are making commitments to energy efficiency and clean-
er use goals. More often that not, these goals are being met sooner
than the target dates originally set, and the companies are saving
and not losing money on those efforts. And with creativity and com-
mitment, workers in the coal industry and others whose livelihoods
depend on traditional energy sources can be assisted and retrained
to be a vital part of the provision of new energy sources.

So part of the debate, as I mentioned earlier, has to be about
putting in place fair and reasonable ways to sustain impacted
workers’ families and getting people prepared for comparable em-
ployment opportunities. By shifting investment to solar, wind, geo-
thermal, biomass, and other renewable energy sources, we will cre-
ate new job markets for skilled labor, and our witnesses today will
flush that idea out significantly.

Transforming our energy policies to best deal with environmental
and security concerns won't be easy; they won’t happen right away.
Still, if we encourage the best technologies and couple their use
with implementation of sound standards fairly applied, we can re-
alize a clean, secure energy future. Today’s hearing should give us
some valuable insight so that our energy policy for the future
should look the way it should.

I join the chairman in welcoming all of our witnesses and thank-
ing them for taking time out of their busy schedules to share with
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us information that, as Mr. Ose said, we will be happy to utilize
as we go back with our committees and on the floor of the House
to try and shape the energy bill into a product that we can all be
proud of. Thank you.

[The prepared statement of John F. Tierney follows:]
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Statement of Rep. John F. Tierney
House Government Reform Committee Subcommitiee on Energy Policy, Natural
Resources and Regulatory Affairs
June 17, 2002

Mr. Chairman, thank you for holding this hearing in the 6™ District. Energy
independence, the impact of fossil fuels on our environment and the potential of
renewables, alternatives and energy efficiency to meet our needs while creating jobs are
of great importance to the people of this district. I am very happy to have the opportunity
to explore these issues here today.

In the post-September 11 world, it has become more important than ever for the United
States to achieve independence from Middle East oil. For decades, domestic oil prices
have risen and fallen at the whim of OPEC. To protect our national security, we cannot
continue at our current level of reliance on foreign oil.

We need to reform the way we obtain, process and use our energy resources. Each day,
48% of the oil consumed by Americans comes from overseas. In fact, in 2000, we spent
$380 per person, totaling $106 billion, importing crude oil. We rely so heavily on
imports because no new oil fields have been discovered in the United States for decades.

Even drilling in the Arctic National Wildlife Refuge will not solve our energy needs.
Experts tell us that ANWR will only contribute a trivial one percent to the U.S. share of
world oil reserves. That leaves us few options other than continued reliance on foreign
imports. If we stay on our current course, by 2020, the percentage of imported oil will
grow to 62 percent. And since two-thirds of the world’s oil lies in the Middle East, we
will be beholden to regimes like those in Saudi Arabia, Irag and Iran.

The type of energy we have used—mostly fossil fuels—nhas served us well for some 150
years. We have benefited from a tremendous economic boom and enjoy an
unprecedented quality of life for some. Yet we now know that it has all come at a price
to our health and our environment.

At the same time as continued reliance on oil threatens our national security, we are also
destroying our environment through the use of fossil fuels. Two weeks ago, the
President’s Environmental Protection Agency released a report that acknowledges the
role of man-made pollutants as a significant source of global warming. The question is
no longer over whether warming occurs, but rather over the extent, speed and magnitude
of its effects.

We have both the means and the way to address this dual dilemma. The means to a safe
and sound energy future lie in advanced, energy-efficient and low carbon technologies;
the way is through smart public policy.
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It is time to reduce oil consumption through vehicle efficiency and new fuels. Between
1975 and 1998, Carbon Average Fuel Economy, known as “CAF E,” standards resulted in
nearly doubling new passenger car fuel economy. In 2000 alone, CAFE standards saved
the country 60 billion gallons of gasoline and over $90 billion. That has had a positive
impact on our environment and a positive effect on the wallets of drivers when they pull
up to the gas pump.

We can also reduce energy consumption by improving the efficiency standards required
of commonly used appliances like air conditioners, refrigerators, photocopiers and fax
machines. Just those standards already “on the books” are estimated to save consumers
over $150 billion in energy costs by 2020.

Even as we improve efficiency, we can also improve our energy independence and help
the environment by increasing the use of renewable energy sources. Renewables are
available to all Americans - no matter where they live. Wind, sun, water, and plants,
which can all be converted into energy, can be found in every region of our country and
are tremendously popular with the public. A Gallup poll in November 2001 found 90%
support for investments in wind and solar power.

Electricity generated by wind turbines is the fastest-growing electricity source in the
world and is growing at a rate of 25% per year.

The energy contained in plants and organic matter — biomass — is used to generate
electricity, heat homes, fuel vehicles and provide process heat for industrial facilities, and
its exploitation would be a boon to rural economies.

The cost of solar power, used to insulate buildings and reduce heating and cooling costs,
has fallen by 90% since the 1970s. One recent study predicts that solar panel costs will
plunge from $5.12 per watt now to $1.75 per watt by 2020.

We can easily build on these successes — but only with increased investment in research
and development. The private and public sectors need to work together to achieve
mutually beneficial results. Unfortunately, energy research and development (R&D) is
declining, with U.S. federal spending plummeting from $6.55 billion in 1978 to under $2
billion in 1998. In that year, the President’s Committee of Advisors on Science and
Technology recommended doubling R&D over 5 years, concluding that our programs
were “not commensurate in scope and scale with the energy challenges and opportunities
the 21 century will present.”

Obviously, the transition to significant reliance on other sources of energy and the move
away from a fossil fuel dominated lifestyle will not be instantaneous. Today’s hearing
will hopefully provide Congress with information on existing sources (their location and
quantity) as well as potential replacements and the practical time frame within which
transition might occur.
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Although some fear that transforming our energy policies will lead to profit loss and
layoffs, we know that that does not have to be the case. Companies like Dupont, Johnson
& Johnson, Suncor Energy and others are making commitments to energy efficiency and
cleaner use goals. More often than not, these goals are being met sooner than the target
dates originally set, and the companies are saving, not losing, money on the efforts. And
with creativity and commitment, workers in the coal industry and others whose
livelihoods depend on traditional energy sources can be assisted and retrained to be a
vital part of the provision of new energy sources. (Part of our debate, then, has to be
about putting in place fair and reasonable ways to sustain impacted workers’ families and
getting people prepared for comparable employment opportunities.) By shifting
investment to solar, wind, geothermal, biomass and other renewable energy sources, we
will create new job markets for skilled labor.

Transforming our energy policies to best deal with environmental and security concerns
will not be easy or instantaneous. Still, if we encourage the best technologies and couple
their use with implementation of sound standards fairly applied, we can realize a clean,
secure energy future. Today’s hearing should give us some valuable insight as to what
our energy policy for the future should look like.
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Mr. Ost. Thank you, Congressman Tierney. Just for everybody’s
benefit, this is a subcommittee of the Committee on Government
Reform. When we have a hearing that is an investigative hearing
we always swear our witnesses, so we will do that in a moment.
We also have in the back of the room, Kara, is that correct? During
the course of the hearing, we will have some three by five cards
passed out. If you have questions, if you would write them on the
cards, we will collect those. And, then, as time permits, we will
bring them up here and we will be able to get to them accordingly.
That was a request that Congressman Tierney made that I find
reasonable, and I concur with that suggestion. Perhaps we should
do that in more of our committee hearings, as opposed to us.

So, gentlemen, if you would all rise, we will swear you in. Raise
your right hand.

[Witnesses sworn.]

Mr. OSsE. Let the record show that the witnesses all answered in
the affirmative.

Now, we have five witnesses today. Our first—we are going to in-
troduce them in order. Gentlemen, you are going to be recognized
for 5 minutes to summarize your written testimony, which we have
read and reviewed. While we don’t have a trap door under your
chairs, we are jealous of the time, given the press of business
today. So if you could constrain yourselves to 5 minutes. You have
in front of you a little yellow light and a little red light. The yellow
light will come on when you have 1 minute left, and the red light
will come on when there are 5 minutes—the yellow light will be on
the whole time, the red light will come on when you have no more
time.

So our first witness is Stephen Bernow. He is the director of the
Energy Group with the Tellus Institute. Mr. Bernow, thank you for
joining us. You are recognized. You will have to push the little
green button on your microphone. Would the clerk come up here
and get the material from Mr. Bernow for the purpose of putting
it on the overhead?

STATEMENTS OF STEPHEN BERNOW, DIRECTOR, ENERGY
GROUP, TELLUS INSTITUTE; BYRON SWIFT, DIRECTOR, EN-
ERGY AND INNOVATION CENTER, ENVIRONMENTAL LAW IN-
STITUTE; DAVID FAIRMAN, VICE PRESIDENT, INTER-
NATIONAL DISPUTE RESOLUTION, THE CONSENSUS BUILD-
ING INSTITUTE; GEORGE STERZINGER, EXECUTIVE DIREC-
TOR, RENEWABLE ENERGY POLICY PROJECT; AND ROGER
LITTLE, CEO, SPIRE CORP.

Mr. BERNOW. Thank you, Chairman Ose and Congressman
Tierney, for the opportunity to testify before the subcommittee on
the important issue of national energy policy. Recently, I and col-
leagues at Tellus Institute identified and analyzed a set of targeted
national energy policies that over the next 20 years would reduce
our Nation’s energy demands for fossil fuels in particular and shift
to cleaner fuels while maintaining the energy services needed for
our national economy and citizens’ well-being; reducing greenhouse
gas emissions; increasing emissions of local and regional air pollut-
ants that are harmful to human health, the economy, and the envi-
ronment; reaping net economic benefits; stimulating the introduc-



18

tion of advanced energy technologies; and maintaining our eco-
nomic vitality.

These policies would also establish institutional and techno-
logical momentum for the far greater reductions in fossil fuel use
and greenhouse gas emissions in subsequent decades that are
needed to ensure climate stability, the reliability of our energy re-
sources, and the protection of our environment and human health.

The work was embodied in the report, “The American Way to the
Kyoto Protocol,” commissioned by the Worldwide Fund for Nature
and available on the WWF Web site. I understand that my presen-
tation today, “The American Way to the Kyoto Protocol,” in the
form of overhead transparencies and the text of a paper, “Carbon
Abatement with Economic Growth: A National Strategy,” based on
that report will be incorporated as part of the record of this hear-
ing. Today I will speak briefly, using the overhead transparencies
submitted, about the motivation, design, results, and implications
of this national energy policy study that we conducted.

The first overhead just gives the title of the study and my col-
leagues at Tellus Institute. The second informs us, this is the latest
in a series of studies that Tellus and collaborators have been doing
over the past decade or more. Here, just briefly, is the history of
the temperature record in the Northern Hemisphere, showing that
we are already at an increase in temperature unprecedented in
1,000 years. And, if you see at the right end, we are going up far
greater than that over the next several decades if we don’t reverse
this business-as-usual policy. By the way, this condition and the
condition in which we are entering is unprecedented for about
160,000 years.

On the left, you can see the business-as-usual trajectory of car-
bon emissions over the next 100 years and the turnaround in that
trajectory that will be needed in order to stabilize climate. That is
a very daunting challenge. And we can begin to do it now, and sus-
tain it over the next several decades.

The objective of this particular policy study was to see what pol-
icy measures can meet the U.S. target set by the Kyoto Protocol for
2010, and to produce steady reductions in greenhouse gas emis-
sions thereafter. The focus is almost exclusively on domestic en-
ergy-related policies, but it also assumes some reductions from do-
mestic land-based CO2 and non-CO2 emissions and limited use of
international allowances.

These policies, as I said earlier, result in net economic benefits,
reduction of air pollutants, and technological innovation. They in-
clude in buildings in industrial sectors building codes, equipment
standards, and intensity targets, all of which are policies with
which we are familiar; a public benefits fund that is a very small
tie on electricity sales that would be flowed back into the economy
and to households and businesses for energy efficient technologies;
improved tax and regulatory treatment for combined heat and
power, which is a very dramatic energy-reducing and carbon-reduc-
ing policy. In the electric sector, the establishment of a progressive,
renewable portfolio standard, reaching 10 percent for non-hydro-
electric renewables by 2010 and 20 percent by 2020; and cap and
trade systems for criteria air pollutants, those that affect human
health and local and regional environments.
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In the transportation sector for light duty vehicles, doubling fuel
efficiency of new fleets by the year 2020. That is already on the ho-
rizon with the new hybrid vehicles. That is increasing the Cor-
porate Average Fuel Efficiency standard to 50 miles per gallon by
the fleet that enters service in 2020 and similarly, but not quite as
dramatic, improvements in heavy duty truck efficiency and air-
plane efficiency. It includes a GHG content standard for motor
fuels using cellulosic as opposed to starch ethanol. There were com-
ments earlier about the poor energy performance of starch ethanol,;
it includes using cellulosic ethanol as a blend in gasoline, which
does have very promising net carbon emissions, net energy use. Re-
ductions in automobile use associated with increased high-speed
rail, based on a DOT study that we elaborated upon, and transit
and other modes for urban movement.

This, as you can see, is—the business-as-usual trajectory is the
upper bound of that graphic, and with that series of policies, which
I have just enumerated, you can see that we can turn energy use
around from a relentlessly upward trajectory toward a very dra-
matic downward trajectory with these policies and with well-
known, not exotic, but well-known technologies. Next, please.

It is even more dramatic for carbon because in addition to energy
efficiency where these policies will cause a shift toward low or zero
carbon fuels, and again no single policy dominates, no single sector
dominates, but this suite of policies, some of which are already
under discussion in various forms of legislation, can produce this
dramatic change. This slide shows the change within the electricity
sector itself; again, a very dramatic reduction from a sharp upward
trend to a downward trend, actually reducing electricity consump-
tion through energy efficiency and co-generation or combined heat
and power very dramatically by 2020, to about half of what it oth-
erwise would have been. Next slide.

This shows the growth, as was discussed earlier, in renewables,
under the renewable portfolio standard. The left hand showing
business as usual, and the right hand side showing the mix, very
strong contribution from wind and biomass, as was discussed ear-
lier. This is what the renewable energy portfolio standard would
produce.

These are the net annual costs and savings from these policies.
As you can see, the blue line show the annual savings. Within
about 2 years of the beginning of their implementation, the annual
savings will exceed the annual cost, and that difference will be
growing over time over the next 20 years. Next, please.

This shows the annual savings by 2010 and 2020, represented on
a per household basis, and you can see by 2020 the net annual sav-
ings, that is savings in energy bills over and above the incremental
cost of these cutting-edge technologies, will reach close to $1,200
per household in the United States by 2020. Next.

This, finally, through macroeconomic analysis, we flowed all of
these changes and energy consumption, energy bill savings for
businesses and households through an input/output model, and the
result shows that there will be small but important increases in
net jobs by the year 2020, about 1.3 million incremental jobs, and
associated with that, incremental GNP and incomes. Next, please.
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This I won’t go into excruciating detail. This shows the job im-
pact sector by sector for those of you who care to read it following
this presentation. Please, next slide. And this shows the job impact
State by State. Every single State will experience a net job in-
crease, and I urge you to take a look at that in more detail as you
come away.

As I said earlier, the modeling shows that not only will energy
and carbon be reduced dramatically over the next 20 years but so
will each of the major so-called criteria air pollutants which are
damaging to human health, the local environment, to crops, forests,
and the like. And these show the net result of those policies de-
creasing each of those emissions. Next, please.

Finally, this is an interesting—I said earlier that we had done
a series of studies over the last 10 years. This overhead shows the
difference in the results between a study we did 3 years ago of es-
sentially the same set of policy measures and the updated study
that we just completed. And it shows the impact of delay, because
with the original study we were assuming policies could be imple-
mented in the late 1990’s. With the new study that we recently re-
leased, the policies couldn’t be implemented until, well, maybe next
year at the earliest. And the consequence of that is, both with re-
spect to carbon reductions and the net economic savings, there’s a
substantial reduction. A loss of opportunity by delaying these or
similar policies and measures, a loss of opportunity in the needed
carbon reductions to help stabilize climate, and a loss of oppor-
tunity to begin that technological transition to cutting-edge, mod-
ern, efficient, and clean technologies and associated net economic
benefits by delaying such policies more than we need to. Thank
you.

[The prepared statement of Mr. Bernow follows:]



21

House Government Reform Committee
Subcommittee on Energy Policy, Natural Resources and Regulatory Affairs
Energy: Maximizing Resources; Meeting Needs; Retaining Jobs
Field Hearing, Peabody, Massachusetts, June 17, 2002

Testimony of Stephen Bernow, Ph.D.
Vice President, Tellus Institute (www.tellus.org),
Boston, MA
Director, Energy Group

Thank you Chairman Ose and Congressman Tierney for the opportunity to testify before
the subcommittee on the important issue of national energy policy. Recently, I and
colleagues at Tellus Institute, identified and analyzed of a set of targeted national energy
policies that, over the next twenty years, would reduce our nation’s energy demands (for
fossil fuels in particular) and shift to cleaner fuels, while maintaining the energy services
needed for our national economy and citizens’ well-being, reducing greenhouse gas
emissions, decreasing emissions of local and regional air pollutants that are harmful to
human health, the economy and the environment, reaping net economic benefits,
stimulating the introduction of advanced energy technologies, and maintaining our
economic vitality. These policies would also establish institutional and technological
momentum for the far greater reductions in fossil fuel use and GHG emissions in
subsequent decades that are needed to ensure climate stability, the reliability of our
energy resources, and protection of our environment and human heath. This work was
embodied in the report The American Way to the Kyoto Protocol, commissioned by
Worldwide Fund for Nature (WWF) and available on the WWF website.

I understand that my presentation today (The American Way to the Kyoto Protocol in the
form of overhead transparencies) and the text of a paper (Carbon Abatement With
Economic Growth: A National Strategy) based on that report will be incorporated as part
of the record of this hearing. Today, I will speak briefly, using the overhead
transparencies submitted to the record, about the motivation, design, results and
implications of this national energy policy study that we conducted.
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Carbon Abatement With Economic Growth: A Natienal Strategy

Stephen Bernow, Alison Bailie, William Dougherty, Sivan Kartha and Michael Lazarus

1. Introduction and Summary

The risk of catastrophic global climate disruption from human activities could be mitigated if
atmospheric CO, concentrations are stabilized at approximately 450 parts per million, about 60
percent above pre-industrial concentrations. This requires keeping total global carbon emissions
within 500 billion tons over the 21 century, rather than the 1,400 billion tons towards which the
world is now headed. Achieving this goal would require that annual global carbon emissions
from fossil fuels be at least halved from its current 6 million tons instead of tripled by the end of
the century, and that deforestation is halted. This requires that global annual per-capita carbon
emissions decrease from today’s 1 ton to less than 0.3 tons, whereas with business-as-usual per-
capita emissions will grow to almost 2 tons, notwithstanding growing populations and
economies. For U.S., which currently emits about one-fourth of the global total at almost 6 tons
per-capita, this implies a twenty-fold decrease in carbon intensity and more than ten-fold
decrease in emissions over the century, if national emissions converged during the century to
equal per-capita limits under a global climate stabilization path. Whatever burden sharing
approach is adopted, it is clear that the U.S. will have to radically reduce its carbon emissions
over the next several decades.

This paper presents the results of a study showing that the U.S. could dramatically reduce its
greenhouse gas emissions over the next two decades while the economy continues to grow.! It
examines a set of policies to increase energy efficiency, accelerate adoption of renewable energy,
reduce air pollution, and shift to less carbon-intensive fuels. The policies are targeted within and
across sectors — residential and commercial buildings, industrial facilities, transportation, and
power generation. They include incentives, standards, codes, market mechanisms, regulatory
reform, research and development, public outreach, technical assistance and infrastructure
investment.

Together with steps to reduce emissions of non-CO, greenhouse gases and land-based CO,
emissions, and the acquisition of a limited amount of allowances internationally, this portfolio of
policies would allow the U.S. to meet its obligations under the Kyoto Protocol, reducing its GHG
emissions to 7 percent below 1990 levels by 2010, with far greater reductions by 2012. It would
bring overall economic benefits to the US, since lower fuel and electricity bills would more than
pay the costs of technology innovation and program implementation. In 2010, the annual savings
would exceed costs by $50 billion, and by 2020 by approximately $135 billion. At the same
time, jobs, GDP and incomes would increase, and pollutant emissions would decrease.

Energy use in buildings, industries, transportation, and electricity generation was modeled for
this study using the U.S. Department of Energy, Energy Information Administration’s National
Energy Modeling System (NEMS). The NEMS model version, data and assumptions employed
in this study were those of EIA’s (Energy Info Admin.) Annual Energy Outlook?, which also
formed the basis for the Base Case. We refined the NEMS model with advice from EIA, based
on their ongoing model improvements, and drawing on expertise from colleagues at Union of
Concerned Scientists, the National Laboratories and elsewhere.



49

Table 1 provides summary results on overall energy and greenhouse gas impacts and economic
impacts of the policy set for the Base Case and Climate Protection Case for 2010 and 2020. The
policies cause reductions in primary energy consumption that reach 11 percent by 2010 and 30
percent in 2020, relative to the Base Case in those years, through increased efficiency and greater
adoption of cogeneration of heat and power (CHP).

Table 1: Summary of Results
1990° 2010 2010 2020 2020
Base Climate Base Climate
Case Protection Case Protection
{[End-use Energy (Quads) 63.9 86.0 76.4 972 72.6
[Primary Energy (Quads) 84.6 114.1 101.2 127.0 89.4
[Renewable Energy (Quads)
Non-Hydro 3.5 5.0 104 5.5 11.0
Hydro 3.0 3.1 3.1 3.1 3.1
INet GHG Emissions (MtCe/yr) 1,648 2,204 1,533 em e
Energy Carbon 1,338 1,808 1,372 2,042 1,087
Land-based Catbon ~ eeeee cemen =58 - ———
Non-CO, Gases 310 397 279 e e
International Trade - - 60 e e
INet Savings*
Cumulative present value
(billion$) e e $105 - $576
Levelized annual (billion$/year) ~ --—---- - $13 - $49
Levelized annual per household
($/year) e - $113 - $375
[Macro-economic Impacts
(Changes in Year)5
GDP (billions$) e e 232 e 439
Jobs e e 0.7 - 13
[Wages/Compensation($household) ~ ——- - 220 - 400

Relative to today’s levels, use of non-hydro renewable energy roughly triples by 2010 in the
Climate Protection Case, owing to a Renewable Portfolio Standard (RPS), whereas in the Base
Case it increases by less than 50 percent. Given the entire set of policies, non-hydro renewable
energy doubles relative to the Base Case in 2010, accounting for about 10 percent of total
primary energy supplies. The absolute amount of renewables does not increase substantially
between 2010 and 2020 because the 10 % RPS electric sector targets in 2010 give the same
absolute amount as the 20% in 2020 since demand declines sharply owing to the efficiency
policies. A more aggressive renewables policy for the 2010-2020 period could be considered.®
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The reductions in energy-related carbon emissions are even more dramatic than the reductions in
energy consumption, because of the shift toward lower-carbon fuels and renewable energy.
Carbon emissions have already risen by over 15 percent since 1990, and in the Base Case will
rise a total of 35 percent by 2010, in stark contrast to the 7 percent emissions reduction that the
U.S. negotiated at Kyoto. In the Climate Protection case, the U.S. promptly begins to reduce
energy-related carbon emissions, and by 2010 emissions are only 2.5 percent above 1990 levels,
and by 2020, emissions are well below 1990 levels. Relative to the Base case, the 2010
reductions’ amount to 436 MtC/yr.

Land-based activities, such as
Figure 1: Reductions in Energy-related Carbon forestry, land-use, and agriculture,
Emissions, Displayed by Major Policy Group yield another 58 MtC/yr of
reductions. Methane emissions are
also reduced, through measures
aimed at landfills, natural gas
production and distribution
systems, mines, and livestock
husbandry. The potent fluorine-
containing greenhouse gases are
oo Terget — reduced by substituting with non-
greenhouse gases, implementing
alternative cleaning processes in

2000

g

O Reduction from electricity supply policie}
m Reduction from transport policies

Carbon Ernissions (million metric tons)

- B Reduction from CHP & DES the semiconductor industry,
IREducl!un from Public Benefits Fmt\d reducing leaks’ arld inVeSting in
O Reduction from RDD and Tax Credits . .
O Reduction from voluntary measures more efficient gas-using
WReduction fom standards and cotes equipment. In total, the Climate
o 4 . .
130 195 2000 2005 010 s 20 Protection case adopts reductions

of these other greenhouse gases
equivalent to 118 MtC/yr by 2010.

Together the reduction measures
for energy-related carbon (436 MtC/yr), land-based carbon (58 MtC/yr), and non-carbon gases
(118 MtCe/yr) amount to 612 MtCe/yr of reductions in 2010. Through these measures, the U.S.
is able to accomplish the vast majority of its emissions reduction obligation under the Kyoto
Protocol through domestic actions. This leaves the United States slightly shy of its Kyoto target,
with only 60 MtC/yr worth of emissions allowances to procure from other countries though the
“flexibility mechanisms” of the Kyoto Protocol — (Emissions Trading, Joint Implementation, and
the Clean Development Mechanism). The Climate Protection case assumes that the U.S. will
take steps to ensure that allowances procured through these flexibility mechanisms reflect
legitimate mitigation activity. In particular, we assume that U.S. restrains its use of so-called “hot
air” allowances, i.e., allowances sold by countries that negotiated excessively high Kyoto targets.

The set of policies in the Climate Protection Case also reduces criteria air pollutants that cause or
aggravate human health problems, and adversely affect agriculture, forests, water resources, and
buildings. The policies would significantly reduce energy-related emissions as summarized in
Table 2. Sulfur oxide emissions would decrease the most — by half in 2010 and by nearly 75
percent in 2020. The other pollutants are reduced between 7 and 16 percent by 2010, and
between 17 and 29 percent by 2020, relative to Base case levels in those years.
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Table 2: Impact of Policies on Air Pollutant Emissions
1960 2010 2010 2020 2020
Base Climate  Base Climate
Case Protection Case Protection

CO 651 698 63.8 71.8 59.8
NOx 219 165 13.9 16.9 12.0
SO2 19.3 12.8 6.2 12.7 33
voC 7.7 5.5 5.1 5.9 4.9
PM-10 1.7 1.5 1.3 1.6 1.3

The complete Climate Protection package provides net economic benefits to the U.S., while
improving public health and the environment. In dramatically reducing energy consumption, the
Climate Protection strategy reduces our dependence on insecure energy supplies and positions
the U.S. as a supplier of innovative and environmentally superior technologies and practices.

Far from being the economically crippling burden that some allege and others fear, ratifying the
Kyoto Protocol and ambitiously reducing greenhouse gas emissions could initiate a national
technological and economic renaissance with cleaner energy, industrial processes and products in
the coming decades. In the U.S, we therefore face an important challenge. We can be followers,
leaving other more forward-looking countries to assume the global leadership in charting a
sustainable path. Or we can embrace the opportunity to usher in a technological and
environmental transition, providing world markets with the advanced and clean energy
technologies needed to sustain the new century’s economic growth.

2. Energy Policies

Analyses of the investment costs and energy savings of policies to promote energy efficiency and
co-generation in the residential, commercial, and industrial sectors and efficiency for light duty
vehicles, were taken primarily from the American Council for an Energy Efficient Economy.?
Analyses of avoided energy, costs and emissions, pollutant emissions caps, renewable energy,
and other transportation modes followed the approaches taken in Bernow et al.’ Below we group
these policies into the particular sector where they take effect, and describe the key assumptions
made concerning the technological impacts of the individual policies. Unless otherwise
indicated, each of the policies is assumed to start in 2003.

In evaluating the avoided energy, costs and emissions of these policies we relied primarily on the
U.S. Department of Energy’s NEMS model, data and assumptions. We adapted the Energy
Information Administration’s 2001 Reference Case Forecast'” to create a slightly revised “Base
Case.” Our policies build on those included in this Base Case forecast (i.e., we avoid taking
credit for emissions reductions, costs, or savings already included in the EIA 2001 Reference
Case).
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2.1  Policies in the Buildings and Industrial Sectors

Carbon emissions from fuel combustion in residential and commercial buildings account for
about 10 percent of U.S. greenhouse gas emissions, while emissions from the industrial sector
account for another 20 percent. When emissions associated with the electricity consumed are
counted, these levels reach over 35 percent for buildings and 30 percent for industry. We
analyzed a set of policies that include new building codes, new appliance standards, tax
incentives for the purchase of high efficiency products, a national public benefits fund, expanded
research and development, voluntary agreements and support for combined heat and power.

Building codes

Building energy codes require all new residential and commercial buildings to be built to a
minimum level of energy efficiency that is cost-effective and technically feasible. “Good
practice” residential energy codes, defined as the 1992 (or a more recent) version of the Model
Energy Code (now known as the International Energy Conservation Code), have been adopted
by 32 states.'! “Good practice” commercial energy codes, defined as the ASHRAE 90.1 model
standard, have been adopted by 29 states.'> However, the Energy Policy Act of 1992 (EPAct)
requires all states to adopt a commercial building code that meets or exceeds ASHRAE 90.1, and
requires all states to consider upgrading their residential code to meet or exceed the 1992 Model
Energy Code.

This policy assumes that DOE enforces the commercial building code requirement in EPAct and
that states comply. We also assume that relevant states upgrade their residential energy code to
either the 1995 or 1998 Model Energy Code either voluntarily or through the adoption of a new
federal requirement. Furthermore, we assume that the model energy codes are significantly
improved during the next decade and that all states adopt mandatory codes that go beyond
current “good practice” by 2010. To quantify the impact of these changes, we assume a 20
percent energy savings in heating and cooling in buildings in half of new homes and commercial
buildings.

New Appliance and Equipment Efficiency Standards

The track record for electricity efficiency standards is impressive, starting with the National
Appliance Energy Conservation Act of 1987 and continuing through the various updates that
were enacted in early 2001 for washers, water heaters, and central air conditioners. These
standards have removed the most inefficient models from the market, while still leaving
consumers with a diversity of products. An analysis of Department of Energy figures by the
American Council for an Energy Efficient Economy, estimates nearly 8 percent of annual
electricity consumption will be saved in 2020 due to standards already enacted®. However,
many appliance efficiency standards haven’t kept pace with either legal update requirements or
technological advances. The Department of Energy is many years behind its legal obligation to
regularly upgrade standards for certain appliances to the “maximum level of energy efficiency
that is technically feasible and economically justified.”

In this study, we assume that the government upgrades existing standards or introduces new
standards for several key appliances and equipment types: distribution transformers, commercial
air conditioning systems, residential heating systems, commercial refrigerators, exit signs, traffic
lights, forchiere lighting fixtures, ice makers, and standby power consumption for consumer
electronics. We also assume the higher energy efficiency standards for residential central air
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conditioning and heat pumps than was allowed by the Bush Administration. These are all
measures that can be taken in the near term, based on technologies that are available and cost-
effective.

Tax Incentives

A wide range of advanced energy-efficient products have been proven and commercialized, but
have not yet become firmly established in the marketplace. A major reason for this is that
conventional technologies get “locked-in”; they benefit from economies of scale, consumer
awareness and familiarity, and already existing infrastructure that make them more able to attract
consumers, while alternatives are overlooked though they could be financially viable once mass-
produced and widely demonstrated.

In this study, we include initial tax incentives for a number of products. For consumer
appliances, we considered a tax incentive of $50 to $100 per unit. For new homes that are at least
30 percent more efficient that the Model Energy Code, we considered an incentive of up to
$2,000 per home; for commercial buildings with at least 50 percent reduction in heating and
cooling costs relative to applicable building codes, we applied an incentive equal to $2.25 per
square foot. Regarding building equipment such as efficient furnaces, fuel cell power systems,
gas-fired heat pumps, and electric heat pump water heaters, we considered a 20 percent
investment tax credit. Each of these incentives would be introduced with a sunset clause,
terminating them or phasing them out in approximately five years, so as to avoid their becoming
permanent subsidies. Versions of all of the tax incentives considered here have already been
introduced into bills before the Senate and/or House'*.

National Public Benefits Fund

Electric utilities have historically funded programs to encourage more efficient energy-using
equipment, assist low-income families with home weatherization, commercialize renewables,
and undertake research and development (R&D). Such programs have typically achieved
electricity bill savings for households and businesses that are roughly twice the program costs s,
Despite the proven effectiveness of such technologies and programs, increasing price
competition and restructuring have caused utilities to reduce these “public benefit” expenditures
over the past several years. In order to preserve such programs, fifteen states have instituted
public benefits funds that are financed by a small surcharge on all power delivered to consumers.

This study’s policy package includes a national level public benefits fund (PBF) fashioned after
the proposal introduced by Sen. Jeffords (S. 1369) and Rep. Pallone (H. 2569) in the 106"
Congtress. The PBF would levy a surcharge of 0.2 cents per kilowatt-hour on all electricity sold,
costing the typical residential consumer about $1 per month. This federal fund would provide
matching funds for states for approved public benefits expenditures. In this study, the PBF is
allocated to several different programs directed at improvements in lighting, air conditioning,
motors, and other cost-effective energy efficiency improvements in electricity-using equipment.

Expand Federal Funding for Research and Development in Energy Efficient Technologies

Federal R&D funding for energy efficiency has been a spectacularly cost-effective investment.
The DOE has estimated that the energy savings from 20 of its energy efficiency R&D programs
has been roughly $30 billion so far — more than three times the federal appropriation for the
entire energy efficiency and renewables R&D budget throughout the 1990s.'°
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Tremendous opportunities exist for further progress in material-processing technologies,
manufacturing processing, electric motors, windows, building shells, lighting, heating/cooling
systems, and super-insulation, for example. The EPA’s Energy Star programs have also saved
large amounts of energy, building on the achievements of R&D efforts and ushering efficient
products into the marketplace. By certifying and labeling efficient lighting, office equipment,
homes and offices, Energy Star has helped foster a market transformation toward much more
efficient products and buildings. Currently, roughly 80 percent of personal computers, 95 percent
of monitors, 99 percent of printers, and 65 percent of copiers sold are Energy Star certified.'” In
light of these successes, EPA should be allocated the funds to broaden the scope of its Energy
Star program, expanding to other products (refrigerators, motors) and building sectors (hotels,
retailers), and the vast market of existing buildings that could be retrofitted. In this study, we
assume that increased funding to expand research and development efforts in industry (e.g.,
motors) buildings (e.g., advanced heating/cooling), and transport (¢.g., more fuel efficient cars
and trucks) will lead to more energy-savings products becoming commercially available.

Support for Co-generation

Cogeneration (or, combined heat and power — CHP) is a super-efficient means of co-producing
two energy-intensive products that are usually produced separately — heat and power. The
technical and economical value of CHP has been widely demonstrated, and some European
countries rely heavily on CHP for producing power and providing heat to industries, businesses,
and households. The thermal energy produced in co-generation can also be used for (building
and process) cooling or to provide mechanical power.

‘While CHP already provides about 9 percent of all electricity in the US, there are considerable
barriers to its wider cost-effective implementation'®. Environmental standards should be refined
to recognize the greater overall efficiency of CHP systems, for example by assessing facility
emissions on the basis of fuel input, rather than useful energy output. Non-uniform tax standards
discourage CHP implementation in certain facilities. Moreover, utility practices are generally
highly hostile to prospective CHP operators, through discriminatory pricing and burdensome
technical requirements and costs for connecting to the grid.

In this study, we include policies that would establish a standard permitting process, uniform tax
treatment, accurate environmental standards, and fair access to electricity consumers through the
grid. Such measures would help to unleash a significant portion of the enormous potential for
CHP. In this study we assumed 50 GW of new CHP capacity by 2010, and an additional 95 GW
between 2011 and 2020. With electricity demand reduced by the various energy efficiency
policies adopted in this study, co-generated electricity reaches 8 percent of total remaining
electricity requirements in 2010 and 36 percent in 2020.

2.2 Policies in the Electric Sector

A major goal for U.S. energy and climate policy is to dramatically reduce carbon and other
pollutant emissions from the electric sector, which is responsible for mote than one-third of all
U.S. greenhouse gas emissions. We analyzed a set of policies in the electric sector that include
standards and mechanisms to help overcome existing market barriers to investments in
technologies that can reduce emissions. The three policies -- a renewable portfolio standard, a
cap on pollutant emissions, and a carbon cap and trade system -- are described below.
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Renewable Portfolio Standard

A Renewable Portfolio Standard (RPS) is a flexible, market-oriented policy for accelerating the
introduction of renewable resources and technologies into the electric sector. An RPS sets a
schedule for establishing a minimum amount of renewable electricity as a fraction of total
generation, and requires each generator that sells electricity to meet the minimum either by
producing that amount of renewable electricity in its mix or acquiring credits from generators
that exceed the minimum. The market determines the portfolio of technologies and geographic
distribution of facilities that meet the target at least cost. This is achieved by a trading system
that awards credits to generators for producing renewable electricity and allows them to sell or
purchase these credits. Thirteen states — Arizona, Connecticut, Hawaii, lowa, Maine,
Massachusetts, Minnesota, Nevada, New Jersey, New Mexico, Pennsylvania, Texas, and
Wisconsin — already have RPSs, and Senator Jeffords introduced a bill in the 106" Congress (S.
1369) to establish a national RPS.

In this study, we have applied an RPS that starts at a 2 percent requirement in 2002, grows to 10
percent in 2010, and to 20 percent in 2020, after all efficiency policies are included. Wind, solar,
geothermal, biomass, and landfill gas are eligible renewable sources of electricity, but
environmental concerns exclude municipal solid waste (owing to concerns about toxic emissions
from waste-burning plants) and large-scale hydro (which, in any event, need not be treated as an
emerging energy technology as it already supplies nearly 10 percent of the nation’s electricity
supply).

We also here tighten the existing SO, cap so as to reduce sulfur emissions to roughly 40 percent
of current levels by 2010 and one third of current levels by 2020. We also impose a cap-and-
trade system on NOy emissions in the summertime, when NOy contributes more severely to
photochemical smog. This system expands the current cap and trade program, which calls on 19
states to meet a target in 2003 that then remains constant, to include all states with a cap that is
set first in 2003 but decreases in 2010, relative to 1999 levels. The cap results in a 25 percent
reduction of annual NOy emissions by 2003, and a 50 percent reduction by 2010.

Carbon Cap-And-Trade Permit System

This study introduces a cap-and-trade system for carbon in the electric sector; with the cap set to
achieve progressively more stringent targets over time, starting in 2003 at 2 percent below
current levels, increasing to 12 percent below current by 2010 and 30 percent below by 2020.
Restricting carbon emissions from electricity generation has important co-benefits, including
reduced emissions of SO, and NOj, as discussed above, fine particulate matter, which is a known
cause of respiratory ailments, and mercury, which is a powerful nervous system toxin and
already contaminates over 50,000 lakes and streams in the US. A progressively more stringent
target also reduces demand for coal, and hence mining-related pollution of streams and
degradation of landscapes and terrestrial habitats.

In the SO,, NOy, and CO, trading systems, permits are distributed through an open auction, and
the resulting revenues can be returned to households (e.g., through a tax reduction or as a rebate
back to households). Recent analyses suggest that an auction is the most economically efficient
way to distribute permits, meeting emissions caps at lower cost than allocations based on
grandfather allowances or equal per kWh allowances'®. Implementing such auctions for the
electric sector will also clear the way for an economy-wide approach in future years based on
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auctioning. In this study, the price of auctioned carbon permits reaches $100 per metric ton
carbon.

While not specifically targeted by the trading programs, the operators of the 850 old “grand-
fathered” coal plants built before the Clean Air Act of 1970, which emit 3-5 times as much
pollution per unit of power generated than newer coal power plants, will likely retire these plants
rather than face the cost of purchase the large amount of credits necessary to keep them running.
When the Clean Air Act was adopted, it was expected that these dirty power plants would
eventually be retired. However, utilities are continuing to operate these plants beyond their
design life, and have in fact increased their output over the last decade. By subjecting these old
plants to the same requirements as newer facilities, as has been done or is being considered in
several states including Massachusetts and Texas, operators would be obliged to modernize the
old plants or to retire them in favor of cleaner electric generation alternatives.

2.3 Policies in the Transport Sector

Another goal for U.S. energy and climate policy is to reduce carbon emissions from the transport
sector, which is responsible for about one-third of all U.S. greenhouse gas emissions. We
analyzed a set of policies in the transportation sector that include improved efficiency (light duty
vehicles, heavy duty trucks and aircraft), a full fuel-cycle GHG standard for motor fuels,
measures to reduce road travel, and high-speed rail (HSR).

Strengthened CAFE Standards

Today’s cars are governed by fuel economy standards that were set in the mid-1970s. The
efficiency gains made in meeting those standards have been entirely wiped out by increases in
population and driving, as well as the trend toward gas-guzzling SUVs. When the fuel economy
standards were implemented, light duty trucks only accounted for about 20 percent of vehicle
sales. Light trucks now account for nearly 50 percent of new vehicle sales; this has brought down
the overall fuel economy of the light duty vehicle fleet, which now stands at its lowest average
fuel economy since 1981. If the fuel economy of new vehicles had held at 1981 levels rather than
tipping downward, American vehicle owners would be importing half a million fewer barrels of
oil each day.

We introduce in this study a strengthened Corporate Average Fuel Economy (CAFE) standard
for cars and light trucks, along with complementary market incentive programs. Specifically,
fuel economy standards for new cars and light trucks rise from EIA’s projected 25.2 mpg for
2001 to 36.5 mpg in 2010, continuing to 50.5 mpg by 2020. This increase in vehicle fuel
economy would save by 2020 approximately twice as much oil as could be pumped from Arctic
National Wildlife Refuge oil field over its entire 50-year lifespan®®. Based on assessments of
near-term technologies for conventional vehicles, and advanced vehicle technologies for the
longer-term, we estimate that the 2010 CAFE target can be met with an incremental vehicle cost
of approximately $855, and the 2020 CAFE target with an incremental cost of $1,900. To put
these incremental costs in perspective, they are two to three times less than the fuel savings at the
gasoline pump over the vehicle’s lifetime®.

10
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Improving Efficiency of Freight Transport

We also consider policies to improve fuel economy for heavy-duty truck freight transport, which
accounts for approximately 16 percent of all transport energy consumption. A variety of
improvements such as advanced diesel engines, drag reduction, rolling resistance, load reduction
strategies, and low friction drivetrains offer opportunities to increase the fuel economy of freight
trucks.

To accelerate the improvement in heavy duty truck efficiency, we have considered measures that
expand R&D for heavy duty diesel technology, vehicle labeling and promotion, financial
incentives to stimulate the introduction of new technologies, efficiency standards for medium-
and heavy-duty trucks, and fuel taxes and user-fees calibrated to eliminate the existing subsidies
for freight trucking. Together, it is estimated that these policies could bring about a fuel economy
improvement of 6 percent by 2010, and 23 percent by 2020, relative to today’s trucks.

Improving Efficiency of Air Travel

Air travel is the quickest growing mode of travel, and far more energy intensive than vehicle
travel. One passenger mile of air travel today requires about 1.7 times as much fuel as vehicle
travel.2 We consider here policies for improving the efficiency of air travel, including R&D in
efficient aircraft technologies, fuel consumption standards, and a revamping of policies that
subsidize air travel through public investments.

We assume that air travel efficiency improves by 23 percent by 2010, and 53 percent by 2020.
This is in contrast to the Base Case where efficiency increases by 9 percent by 2010 and 15
percent by 2020, owing to a combination of aircraft efficiency improvements (advanced engine
types, lightweight composite materials, and advanced aerodynamics), increased load factor, and
acceleration of air traffic management improvementsﬁ. We assume that air travel can reach 82
seat-miles per gallon by 2020 from its current 51.

Greenhouse Gas Standards for Motor Fuels

Transportation in the U.S. relies overwhelmingly on petroleum-based fuels, making it a major
source of GHG emissions. We introduce here a full fuel-cycle GHG standard for motor fuels,
similar in concept to the RPS for the electric sector. The standard is a cap on the average GHG
emissions from gasoline, and would be made progressively more stringent over time. Fuel
suppliers would have the flexibility to meet the standard on their own or by buying tradable
credits from other producers of renewable or low-GHG fuel.

The policy adopted in this study requires a 3 percent reduction in the average national GHG
emission factor of fuels used in light duty vehicles in 2010, increasing to a 7 percent reduction by
2020. The policy would be complemented by expanded R&D, market creation programs, and
financial incentives. Such a program would stimulate the production of low-GHG fuels such as
cellulosic ethanol and biomass- or solar-based hydrogen.

For this modeling study, we assume that most of the low-GHG fuel is provided as cellulosic
ethanol, which can be produced from agricultural residues, forest and mill wastes, urban wood
wastes, and short rotation woody crops>*. As cellulosic ethanol can be co-produced along with
electricity, in this study we assume that electricity output reaches 10 percent of ethanol output by
2010 and 40 percent by 2020, Due to the accelerated development of the production technology
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for cellulosic ethanol, we estimate that the price falls to $1.4 per gallon of gasoline equivalent by
2010 and remains at that price thereafter®®.

Improving Alternative Modes to Reduce Vehicle Miles Traveled

The amount of travel in cars and light duty trucks continues to grow due to increasing population
and low vehicle occupancy. Between 1999 and 2020, the rate of growth in vehicle miles traveled
is projected to increase in the Base Case by about 2 percent per year. The overall efficiency of
the passenger transportation system can be significantly improved through measures that contain
the growth in vehicle miles traveled through land-use and infrastructure investments and pricing
reforms to remove implicit subsidies for cars, which are very energy intensive.

We assume that these measures will primarily affect urban passenger transportation and result in
a shift to higher occupancy vehicles, including carpooling, vanpooling, public transportation, and
telecommuting. We consider that the level of reductions of vehicle miles traveled that can be
achieved by these measures relative to the Base Case are 8 percent by 2010 and 11 percent by
2020.

High-Speed Rail

High-speed rail (HSR) offers an attractive alternative to intercity vehicle travel and short
distance air travel. In both energy cost and travel time, high-speed rail may be competitive with
air travel for trips of roughly 600 miles or less, which account for about one-third of domestic air
passenger miles traveled. Investments in rail facilities for key inter-city routes (such as the
Northeast corridor between Washington and Boston, the East cost of Florida between Miami and
Tampa, and the route linking Los Angeles and San Francisco) could provide an acceptable
alternative and reduce air travel in some of the busiest flight corridors””.

In this analysis we have taken the DOT’s recent estimates of the potential high-speed rail
ridership which, based on projected mode shifts from air and automobile travel in several major
corridors of the US, reaches about 2 billion passenger miles by 2020%%. While this level of HRS
ridership provides relatively small energy and carbon benefits by 2020, it can be viewed as the
first phase of a longer-term transition to far greater ridership and more advanced, faster and
efficient electric and MAGLEV systems in the ensuing decades.

24 Summary Results

Table 3 summarizes the carbon reductions and the net costs (generally net benefits) of each energy
policy through 2010 and 2020. Carbon reductions reach 436 MtC in 2010 (about 24 percent below
the Base Case in that year) and 954 MtC in 2020 (about 47 percent below the Base Case in that
year). The costs were computed by discounting and summing the incremental annualized capital
costs, administrative costs, incremental O&M and fuel costs, and subtracting the discounted O&M
and fuel cost savings, using a 5 percent real discount rate. Overall the net savings achieved by the
demand policies more than offset the net costs for the electric supply policies. The Climate
Protection policy packa%e as a whole results in cumulative net savings of $80/C through 2010, and
$121/C through 2020.% )

12
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[Table 3. Carbon reductions, net costs, and cost per saved carbon in 2010 and 2020

2010 2020
Cumulative Cumulative
Net Cost  Costof NetCost  Costof
Carbon  (present saved | Carbon  (present saved
Savings  value) carbon | Savings value) carbon
billion (1999)$% billion (1999)%
MtC/yr  (1999)$ pertC | MtC/yr  (1999)$ per tC
[Buildings & Industry Sectors
Appliance standards 29 -$24 -$315 86 -$84 -$256
Building Codes 7 -$5 -$353 30 -$23 -$244
Voluntary measures 61 -$50 -$229 118 -$112 -$179
Research and design 21 -$18 -$257 71 -$53 -$186
Public Benefits Fund 50 -$29 -$224 134 -$101 -$187
Tax Credits 4 -$4 -$292 11 -$8 -$152
CHP and DES 21 -$53 -$611 59 -$151 -$554
sublotal 193 -$183 -$301 509 -$533 -$242
[Electric Sector
RPS; NOx/Sox Cap and Trade;
Carbon Cap and Trade
subtotal 147 $140 $258 190 $258 $188
[Transport Sector
Vehicle Travel Reductions 29 -$50 -$496 37 -$126 -$495
LDV efficiency improvements 38 -$19 -$270 136 -$149 -$296
HDV efficiency improvements 8 -$3 -$179 33 -$22 -$214
Aircraft efficiency improvements 10 -$3 -$106 28 -$14 -$129
Greenhouse Gas Standards 11 $7 $227 22 $25 $237
subtotal 95 -$68 -$272 255 -$286 -$265
TOTAL| 436 $111 -$80 954 -$561 $121

It is important to note that the large net savings achieved by the energy efficiency policies create
the “economic space” into which policies for fuel shifting to low emissions and renewable
energy resources and technologies and step, while retaining overall net economic benefits.
Rather than limiting policies to those with net benefits at the margin, this approach takes the

longer view, by bringing cutting edge options into early use, thereby inducing technology

learning and setting the stage for the deeper carbon reductions for which they will be needed in
the future, while getting deeper carbon and emissions reductions in the near term.
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3. Achieving Kyoto

Energy-related CO, emissions are the predominant source of U.S. greenhouse gas emissions for
the foreseeable future, and their reduction is the central and ultimate challenge for protecting the
climate. Yet, with its delayed and weak emissions mitigation policies heretofore, the U.S. may
not be able to rely solely on energy sector policies and technologies to meet its Kyoto obligation
of emissions 7 percent reduction below 1990 levels with no net economic cost. As our analysis
has shown, such efforts, if aggressively pursued, would slow our growth in energy sector CO,
emissions from a projected 35 percent to 2.5 percent above 1990 levels by 2010 and still achieve
a small net economic benefit. This would be a major accomplishment, but would still leave us
128 MtC/yr short of achieving a target of 1244 MtC/yr by 2010, if the Kyoto target were
confined only to the domestic energy sector. A tighter carbon cap for the electric sector could
increase domestic energy-related emission reductions to meet the Kyoto requirement, but this
would incur incremental costs that could eliminate the net benefit and lead to a modest overall
net cost.

Of course, there is more to the Kyoto agreement. The Kyoto targets cover six gases — methane
(CH,), nitrous oxide (N20), perfluorocarbons (PFCs), hydrofluorocarbons (HFCs), sulfur
hexafluoride (SF6) and carbon dioxide. The use of these gases is currently growing, due to the
ongoing substitution of ozone depleting substances (ODS) with HFCs, and to a lesser extent, to
growth in CH, emissions from livestock and coal and natural gas systems, in N»0 from fertilizer
use, and in PFC emissions from semiconductor manufacture®.

The U.S. commitment requires emissions of all six gases, in aggregate, to be reduced to 7 percent
below their baseline levels.>? When all of the six “Kyoto gases™ are considered, baseyear
emissions amount to 1680 MtCe/yr, making the -7 percent Kyoto reduction target equal to 1533
MtCe/yr, as shown in the third column of Figure 2. The projected 2010 emissions for all six
gases is 2204 MtCe/yr (first column),

Figure 2: Projected Emissions, 2010, All Gases thus the total required reduction is
expected to be 672 MtCe/yr. The
2500 energy-CO; policies described in the
2204 mOther Gases g previous sections yield 436 MtCe/yr in
2000 BEneray relatea 002 | reductions by 2010 (second column),

1769

leaving the U.S. with 236 MtCe/yr
additional reductions to achieve from
other policies and measures.

1500
1000 The Kyoto agreement provides us with
several options for obtaining the
additional 236 MtCe/yr of reductions.
. . Two of these options involve domestic
i reductions: the control of non-CO; gases
Projected 2010 with energy/CO2 Kyoto target (“multi-gas control”) and the use of
emissions policies “sinks” or biotic sequestration, through
the land use, land use change and
forestry options allowed under the Protocol. The other options involve obtaining credits and
allowances from international sources. Under the Kyoto Protocol, countries can purchase
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credits and allowances through the Clean Development Mechanism (CDM), Joint
Implementation, or Emissions Trading (ET) to offset domestic emissions exceeding our 7
percent reduction target. This section examines how we might meet the Kyoto target through the
use of these options, and what the costs and other implications might be.

3.1  Domestic Options
Article 3.3/3.4 and Sinks

GHG emissions and removals from land use and land use change and forestry (LULUCF) are a
subject of great controversy and scientific uncertainty. The Kyoto Protocol treats LULUCF
activities in two principal categories: afforestation, reforestation, and deforestation under Article
3.3, and “additional human-induced activities” such as forest and cropland management under
Article 3.4. Different interpretations of these two articles can have widely varying impacts on
the US reduction commitment.’> For instance, the US estimate of business-as-usual forest
uptake during the first commitment period is 288 MtCe/yr. If fully credited as an Article 3.4
activity, this uptake could provide credit equal to more than 40% of the US reduction
requirement, with no actual mitigation effort. However, the vast majority of countries do not
interpret the Protocol as allowing credit for business-as-usual offsets, and therefore believe they
should be excluded.

Since our analysis was conducted prior to the July 2001 COP6bis meetings in Bonn, we based
our LULUCEF analysis on the “consolidated negotiating text” issued by Jan Pronk, President of
COP6, in the weeks prior to the meeting.33 The so-called “Pronk text” reflected an attempted
compromise among various parties on a number of contentious issues, and was the basis for the
final COP6bis outcome on LULUCF issues.** The Pronk text capped total US crediting from
Article 3.4 activities and afforestation and reforestation projects in the CDM and JI at roughly 58
MtCe/yr.3’ Domestic forest management activities would be subject to an 85% discount. Thus, if
one assumes the US estimate above, the Pronk rules would result in 42 MtCe/yr of essentially
zero-cost credit for forest management activities that are expected to occur anyway.” In
addition, agricultural management (e.g. no-till agriculture, grazing land management,
revegetation) would be allowed under a net-net accounting approach that would allow the US to
count another expected 10 MtCe/yr of business-as-usual, i.e. zero-cost, credit towards the cap.
In sum, the Pronk proposal translates to 52 MtCe/yr of “free” carbon removals, and another 6
MtCe/yr t§17at could be accrued through new domestic forest or agricultural management
activities.

Based on a recent summary of LULUCF cost estimates, we assumed that the 6MtCe/yr of “new”
offsets allowable under the Pronk text would be purchased for $10/1Ce.*® A total of 58 MtCe/yr
of LULUCEF credit would therefore be availabie to help meet the reduction requirement of 236
MtCe/yr remaining after having adopted the energy-related CO; policies described above.

The net result of our analysis is slightly different than the implications of the COP6bis
agreement. The agreement would allow approximately 28MtCe/yr of existing forest
management, up to 16MtCe/yr of reforestation/afforestation through the CDM, and an unlimited
amount of new Article 3.4 forest and agricultural management activities.”® The difference is that
the US would receive fewer “free” credits from business-as-usual activity, would need to pay a
bit for domestic and CDM projects to reach the 58 MtCe/yr of assumed LULUCF activity
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modeled here. However, the US would no longer be capped with respect to the generation of
further Article 3.4 offsets, potentially offering an expanded pool of lower cost reduction
opportunities than modeled here.

Multi-gas Control

Multi-gas control is a fundamental aspect of the Protocol, and its potential for lowering the
overall cost of achieving Kyoto targets has been the subject of several prominent studies (Reilly
etal., }0999 and 2000). Table 4 shows baseline and projected emission levels for the non-CO,
gases.

Table 4: Baseline and Projected Emissions for the Non-CO, Kyoto Gases (MtCe/yr)

Base Year 7% Below Projected  Reductions

Gas (1990/95)  Base Year 2010 Required® Sources
Methane 170 158 186 28 (USEPA 1999)

(Reilly et al. 1999b; USEPA
Nitrous Oxide i1 103 121 18 2001ta)
High GWP Gases
(HFC, PFC, SF6) 29 27 90 63 (USEPA 2000)
Total 310 288 397 109

(a) These are the reductions that would be needed if each gas were independently required to be 7 percent below its
base year level.

Methane emissions are expected to grow by only 10 percent from 1990 to 2010, largely because
of increased natural gas leakage and venting (due to increased consumption), enteric
fermentation and anaerobic decomposition of manure (due to increased livestock and dairy
production). Methane from landfills, which accounted for 37 percent of total methane emissions
in 1990, are expected to decline slightly as a consequence of the Landfill Rule of the Clean Air
Act*!, which requires all large landfills to collect and burn landfill gases.

Several measures could reduce methane emissions well below projected levels. USEPA
estimates that capturing the methane from landfills not covered by the Landfill Rule, and using it
to generate electricity, is economically attractive at enough sites to reduce projected landfill
emissions by 21 percent.*> At a cost of $30/tCe, the number of economically attractive sites
increases sufficiently that 41 percent of landfill emissions can be reduced. Similarly, USEPA
has constructed methane reduction cost curves for reducing leaks and venting in natural gas
systems, recovering methane from underground mines, using anaerobic digesters to capture
methane from manure. and reducing enteric fermentation by changing how livestock are fed and
managed.

We have used a similar USEPA study to estimate the emissions reductions available for the high
GWP gases.43 Table 1 shows that the high-GWP gases, while only a small fraction of baseline
emissions (first column), are expected to rise so rapidly that they will account for majority of net
growth in non-CO, emissions relative to the 7 percent reduction target (last column). In many
applications, other gases can be substituted for HFCs and PFCs, new industrial process can
implemented, leaks can be reduced, and more efficient gas-using equipment can be installed.
For instance, minor repairs of air conditioning and refrigeration equipment could save an
estimated 6.5 MtCe/yr in HFC emissions by 2010 at cost of about $2/tCe. New cleaning
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processes for semiconductor manufacture could reduce PFC emissions by 8.6 MtCe/yr by 2010
at an estimated cost of about $17/tCe. In all, USEPA identified 37 measures for reducing high
GWP gases, a list which is likely to be far from exhaustive given the limited experience with and
data on abatement methods for these gases.

The major source of nitrous oxide in the U.S. is the application of nitrogen fertilizers, which
results in about 70 percent of current emissions. Given the tendency of farmers to apply excess
fertilizer to ensure good yields, effective strategies for N20 abatement from cropping practices
has thus far been elusive. Thus, aside from measures to reduce N20O from adipic and nitric acid
production (amounting to less than one MtCe/yr), and from mobile sources as a result of
transportation 4policies (see below), we have not included a full analysis of N20 reduction
opportunities*,

Relying largely on recent USEPA abatement studies™, we developed the cost curve for reducing
non-CO; gases depicted in Figure 2 below.*® In addition to what is covered in the USEPA
studies, we assumed that:

e Only 75 percent of the 2010 technical potential found in the USEPA studies would
actually be achieved, and that policies and programs needed to promote these measures
would add a transaction cost of $5/tCe.

o The savings in 2010 fossil fuel use resulting from the policies and measures implemented
in the energy sector will yield corresponding benefits for several categories of non-CO,
emissions. In particular, we assumed that a) reduced oil use in the transport sector (down
14 percent) will lead to a proportional decrease in N20 emissions from mobile sources*;
b) reduced natural gas demand (down 13 percent) will result in proportionately fewer
methane emissions from leaks and venting; and ¢) reduced coal production (down 49
percent) will lead to decreased underground mining and its associated emissions. **

Figure 3 shows that domestic options, taken together, are insufficient to reaching the Kyoto
target. The line on the left is the “supply curve” of non-CO, abatement options, and the line on
the right is the reduction requirement after both energy-related and Article 3.3/3.4 sinks are
accounted for. Under current conditions (only 9 years left until 2010), the supply of remaining
domestic options appears insufficient to satisfy demand. This gap ranges from 107 MtCe/yr at
$10/tCe to 60 MtCe/yr at $100/tCe as shown. Therefore, to meet our Kyoto obligations, we are
now in a situation of looking to the international market to fill this gap.

3.2  International Options

The Kyoto Protocol creates two principal types of greenhouse gas offsets in the international
market: the purchase of surplus allowances from countries that are below their Kyoto targets and
the creation of carbon credits through project-based mechanisms, CDM and JI.
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Figure 3: Non-CO2 GHG Emissions Reductions, Cost and Potential, 2010
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Emissions Allowance Trading/Hot Air

The combination of emission targets based on circa 1990 emissions and the subsequent
restructuring and decline of many economies in transition (EITs) means that these countries
could have a large pool of excess emissions allowances, typically referred to as “hot air” (see
Appendix B). We assume that hot air will constitute no more than 50 percent of all international
trading, and we assume a maximum availability of 200 MtCe/yr, based on a recent analysis.*’

CDM and JI

CDM and JI projects, can be an important part of a comprehensive climate policy, providing they
truly contribute to sustainable development in the host countries and create genuine, additional
GHG benefits. It is reasonable to expect that the U.S. government and other stakeholders will
want to develop the CDM and JI market in order to involve developing countries, engage in
technology transfer, develop competitive advantages, and prepare for future commitment
periods.

Similarly, the possibility of limited crediting lifetimes, or discounting of carbon reductions in
future projects years, as proposed by some, could increase the effective cost per tCe. In a recent
analysis, Bernow et al. (2000) illustrated how different approaches to standardizing baselines
could lead to.differences in additional power sector activity (tCe) of a factor of 4. These types
of considerations are rarely included in CDM/JI analyses, either bottom-up or top-down.

Given the small differences between the two different approaches, we adopt the top-down results
of the GTEM model,* since they provide a fuller CDM curve, include multiple gases, and
provide a cost curve for JI investments as well.

3.3  Combining the Options
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There are two ways to combine the available options to meet our Kyoto target. We can prioritize
which options to rely on more heavily, based on their strategic advantages and co-benefits, as we
have done for energy/CO; policies. Or we can simply seek lowest-cost solution for the near-term.
A long-term climate policy perspective argues for the former approach. For example, rules and
criteria for JI, and especially CDM, should be designed so that additionality, sustainability, and
technology transfer are maximized. Ideally, our cost curves for CDM and JI would reflect only
investments that are consistent with those criteria. However, our current ability to reflect such
criteria in quantitative estimates of CDM and JI potential is limited.”!

It is possible to model priority investment in the domestic reductions of non-CO, gases by
implementing some measures that are higher cost than the global market clearing carbon price.
Just as energy/CO; measures like a Renewable Portfolio Standard can be justified by the
technological progress, long-term cost reductions, other co-benefits that they induce, so too can
some non-CO, measures. While we have not attempted to evaluate specific policies for non-CO,
gases as we have for CO,, we have picked a point on the non-CO; cost curve, $100/tCe, to
reflect an emphasis on domestic action. At $100/tCe, domestic non-CO, measures can deliver
118 MtCef/yr of reductions, still about 60 MtCe/yr short of the Kyoto goal, to which we must turn
to the international market.

To model the global emissions trading market, we used the CDM/JI cost curves, and hot air
assumptions described above, together with assumptions regarding the demand for credits and
allowances from all Annex B parties.’> This model yields market-clearing prices and quantities
for each of the three principal flexible mechanisms: CDM, JI, and ET/hot air.>® The results are
shown in Table 5.

The first row of
Table 5: Reductions Available in 2010 Up From Various Sources (in the table shows
MtCe) that 93 MtCe/yr
Domestic International Trade arc ava.llable at
Options net savings or
Non-CO, CDM  JI Hotair Total | 1DODetcost over
gases  Sinks (ET) half fr(;)crln jthe |
Amount available at < 41 52 93 2;’2:1 1201;2’1
or = $0/tCe (MtCe) forest yway
Amount available at 77 6 83 manazement
$0-$100 (MtCe) and otgher
Amount available at $8 30 6 25 60 . .
(MtCe) Article 3.4 sinks
Annual costs $1,783  $60 $235 $48 $196 $2,322 | acuvies
($Million) implicit in the
Pronk text.

Another 77 MtCe/yr of non-CO, gas savings are available as we climb the cost curve from $0-
100/tC (second row). The net result is that nearly $1.8 billion per year is invested in
technologies and practices to reduce non-CO, GHG emissions by 118 MtCe/yr in 2010. Another
$60 million per year is directed toward the 6 MtCe/yr of expected additional sinks projects
allowed under the Pronk proposal. The third row shows that of the 60 MtCe/yr of international
trading, half comes from CDM projects, and much of the rest from hot air. The model we use
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estimates a market-clearing price of about $8/tCe for this 60 MtC/yr of purchased credits and
allowance, amounting to a total annual cost of less than $500 million.>*

In summary, of the 672 MtCe/yr in total reductions needed to reach Kyoto by 2010, nearly 65
percent comes from energy sector CO, reduction policies, 18 percent from domestic non-CO;
gas abatement, 9 percent from domestic sinks, and 9 percent from the international market. The
net economic benefits deriving from the energy-related carbon reductions reach nearly $50
billion/yr in 2010. The total annual cost for the 35 percent of 2010 reductions coming those last
three options — non-CO; control, sinks, and international trading — is estimated at approximately
$2.3 billion, making the total package a positive economic portfolio by a large margin. Had we
taken the other approach noted at the beginning of the section — aiming for the lowest near-term
compliance cost — we would rely more heavily on international trading. We modeled this
scenario, and found that it would nearly double the amount of international trading, and lower
the overall annual cost to $0.9 billion, and reduce the amount of non-CO; control by over 40
percent. This additional benefit is minor in comparison to the economic and environmental
benefits of the entire policy portfolio.

4. Conclusions

This study shows that the United States can achieve its carbon reduction target under the Kyoto
Protocol — 7 percent below 1990 levels for the first budget period of the Protocol. Relying on
national policies and measures for greenhouse gas reductions, and accessing the flexibility
mechanisms of the Kyoto Protocol for a small portion of its total reductions, the U.S. would
enjoy net economic savings as a result of this Climate Protection package. Such action would
lead to carbon emission reductions of about 24 percent by 2010 relative to the Base Case,
bringing emissions to about 2.5 percent above 1990 levels. Furthermore, emissions of other
pollutants would also be reduced, thus improving local air quality and public health. A strategy
that relies entirely upon domestic energy-related carbon reductions to meet the Kyoto
requirement could also be pursued, e.g., with a tighter carbon cap or higher RPS for the electric
sector. This could require some incremental costs and thus reduce the overall net benefit found
here for the policies modeled (or incur a small net cost), but with increased pollutant reduction
and ancillary benefits.

Adopting these policies at the national level through legislation will not only help America meet
its Kyoto targets but will also lead to economic savings for consumers, as households and
businesses would enjoy annual energy bill reductions in excess of their investments. These net
annual savings would increase over time, reaching nearly $113 per household in 2010 and $375
in 2020. The cumulative net savings would be about $114 billion (present value 19998) through
2010 and $576 through 2020. By the year 2020 estimated incremental jobs are about the 1.3
million and GDP increase is about $44 billion.

While implementing this set of policies and additional non-energy related measures is an
ambitious undertaking, it represents an important transitional strategy to meet the long-term
requirements of climate protection. It builds the technological and institutional foundation for
much deeper long-term emission reductions needed for climate protection. Such actions would
stimulate innovation and invention here in the U.S. while positioning the U.S. as a responsible
international leader in meeting the global challenge of climate change.
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! A somewhat modified version of this article will appear in CLIMATE CHANGE POLICY: A SURVEY, edited by
Stephen H. Schneider, Armin Rosencranz and John O. Niles to be published by Island Press in July 2002. It is based
on analyses conducted for World Wide Fund for Nature (WWF) http://www.panda.org/climate/ and published in
two reports -- The American Way to the Kyoto Protocol (Alison Bailie, Stephen Bernow, William Dougherty,
Michael Lazarus, and Sivan Kartha -- Tellus Institute (www tellus.org), July 2001) and Clean Energy: Jobs for
America's Future (Alison Bailie, Stephen Bernow, William Dougherty, Michael Lazarus and Sivan Kartha -- Tellus
Institute and Marshall Goldberg -- MRG & Associates, October 2001) Important input to these studies was
provided on energy efficiency (by colleagues at American Council for an Energy-efficient Economy) and on
renewable energy (by colleagues at Union of Concerned Scientists and other experts).

z EIA, 200ta. Annual Energy Outlook 2001 with Projections to 2020. U.S. Department of Energy, Washington
D.C.

EIA, 2001b. U.S. Carbon Dioxide Emissions from Energy Sources, 2000 Flash Estimate. U.S. Department of
Energy. hitp://www.eia.doe.gov/oiaf/1605/flash/sld001.htm

? Under Kyoto, the base year for three of the non-CO2 GHGs (HFCs, PFCs, SF6) is 1995, not 1990, and the 1995
levels for these emissions are reported here.

* Savings are in 1999 §. The 2010 savings include $2.3 billion costs per year (39 billion cumulative through 2010)
of non-energy related measures needed to meet the Kyoto target. Costs are not included in 2020 since these
measures policies do not extend past 2010.

* Impacts were made using an I-O model, taking account of productivity trends, and assuming that there is otherwise
less than full employment in those job/skill areas that would be required by the shifts from energy to other
demands caused by the policies.

¢ ACEEE, 1999. Meeting America’s Kyoto Protocol Targets. H. Geller, S. Bernow and W. Dougherty. Washington,
D.C.: American Council for an Energy-Efficient Economy.

T Throughout this report we refer to U.S. emissions target for the year 2010 to mean the average of the five year
period from 2008 to 2012.

® Same as ACEE, 1999.

9 Bernow, S. K. Cory, W. Dougherty, M. Duckworth, S.Kartha and M. Ruth, 1999. America’s Global Warming
Solutions. Washington, D.C.: World Wildlife Fund.

9 EIA, 2001a. Annual Energy Outlook 2001 with Projections to 2020. U.S. Department of Energy, Washington
D.C.

EIA, 2001b. U.S. Carbon Dioxide Emissions from Energy Sources, 2000 Flash Estimate. U.S. Department of
Energy. http://www.eia.doe.gov/oiaf/1605/flash/s1d001.htm

:; BCAP, 1999. Status of State Energy Codes. Washington, D.C.: Building Codes Assistance Project, Sept./Oct.

Ibid

3 Nadel, S. and H. Geller, 2001. Smart Energy Policies: Saving Money and Reducing Pollutant Emissions though
Greater Energy Efficiency. American Council for and Energy-Efficient Economy, with Tellus Institute. Report
No. E012. Washington, D.C.

' The bills include those introduced by Senators Murkowski and Lott (S.389); Bingaman and Daschle (S.596),
Smith (8.207), Hatch (S.760), and Representative Nussle (H.R. 1316).

' Nadel, Steven and Marty Kushler. 2000. “Public Benefit Funds: A Key Strategy for Advancing Energy
Efficiency.” The Electricity Journal. Oct., pp. 74-84.

'S EERE, 2000. Scenarios for a Clean Energy Future, Prepared by the Interlaboratory Working Group on Energy-
Efficient and Clean-Energy Technologies, Washington, D.C.: U.S. Department of Energy, Office of Energy
Efficiency and Renewable Energy. .

17 EPA, 2001. “The Power of Partnerships, Climate Protection Partnerships Division, Achievements for 2000—In
Brief.” Washington, D.C.: U.S. Environmental Protection Agency.

Brown, Rich, Carrie Webber, and Jon Koomey, 2000. “Status and Future Directions of the ENERGY STAR
Program,” In Proceedings of the 2000 ACEEE Summer Study on Energy Efficiency in Buildings, 6.33-43.
Washington, D.C.: American Council for an Energy-Efficient Economy.
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18 Elliott, R. N. and M. Spurr, 1999. Combining Heat and Power: Capturing Wasted Energy. Washington,
D.C.:American Council for an Energy-Efficient Economy.

' Burtraw, D., K. Palmer, R. Barvikar and A. Paul, 2001. The Effect of Allowance Allocation on the Costs of
Carbon Emissions Trading. Discussions Paper 01-30. Washington, D.C.: Resources for the Future.

? Assuming a mean value at a market price of oil of $20/barrel.

U.S. Geological Survey, 2001. Arctic National Wildlife Refuge, 1002 Area, Petroleum Assessment, 1998,
Including Economic Analysis. Fact Sheet FS-028-01, April. (See also U.S. Geological Survey, 1999. The Oil
and Gas Resource Potential of the Arctic National Wildlife Refuge 1002 Area, Alaska. USGS Open File Report
98-34.

2! Assuming a retail price of gasoline of $1.50/gallon, a 10-year life of the vehicle, and 12,000 miles per year.

2 Assuming typical load factors of 0.33 for autos and 0.6 for air.

* Lee, 1.1, S.P. Lukachko, L.A. Waitz and A. Schaefer, 2001. "Historical and Future Trends in Aircraft
Performance, Cost and Emissions." Forthcoming in Annual Review of Energy and the Environment, Vol 26.
November.

Office of Technology Assessment, 1994. Saving Energy in U.S. Transportation, OTA-ETI-589, Washington, D.C.

Interlaboratory Working Group, 2000. Scenarios for a Clean Energy Future. Argonne National Laboratory, the
National Renewable Energy Laboratory, Lawrence Berkeley National Laboratory, Oak Ridge National
Laboratory and Pacific Northwest National Laboratory. Commissioned by DOE Office of Energy Efficiency
and Renewable Energy. http://www.ornl.gov/ORNL/Energy EFF/CEF.htm.

2 Walsh, M., B. Perlack, D. Becker, A. Turhollow and R. Graham, 1997. Evolution of the Fuel Ethanol Industry:
Feedstock Availability and Price. Biofuels Feedstock Development Program. Oak Ridge, TN: Oak Ridge
National Laboratory.

Walsh, M., R. Perlack, D. Becker, A. Turhollow, D. Ugarte, D. Becker and R. Graham, S. Slinsky and D. Ray,
1999. Biomass Feedstock Availability in the United States: Draft. Oak Ridge National Laboratory. Oak Ridge
Tennessee. April.

% Lynd., L. 1997. “Cellulosic Ethanol Technology in Relation to Environmental Goals and Policy Formulation.” in
J. DeCiceo and M. DeLucchi, eds., Transportation, Energy and Environment: How Far Can Technology Take
Us? Washington, D.C.: American Council for an Energy-Efficient Economy.

% Interlaboratory Working Group, 2000, same as above.

7 USDOT 1997 U.S. Department of Transportation, 1997. High-Speed Ground Transportation for America. Federal
Railroad Administration. Washington, D.C.

2 USDOT 1997, same as above.

¥ A 5 percent discount rate was used for carbon as well as costs in the cost of saved carbon computations, based on
the presumption that they will have a commeodity value within some form of tradable permits regime.

0 USEPA, 2001. “The Power of Partnerships, Climate Protection Partnerships Division, Achievements for 2000—
In Brief.” Washington, D.C.: U.S. Environmental Protection Agency.

*! These gases can be controlled interchangeably, using 100 year Global Warming Potentials (GWP), so long as the
total carbon-equivalents (C.) are reduced to 93 percent of their baseline levels. In contrast to the main three
gases (CO2, CH4, and N20), which have a 1990 base year, the high GWP gases have a base year of 1995.

% For instance, different accounting methods and rules have been considered regarding: a) what constitutes a forest;
b) which biotic pools and lands are counted; ¢) which activities are considered eligible for crediting under
Atrticle 3.4; and d) uncertainties in measuring above and below ground carbon stocks.

* See “Consolidated negotiating text proposed by the President”, as revised June 18, 2001, FCCC/CP/2001/2/Rev.1,
http://www.unfeee.int/resource/docs/cop6secpart/02r01.pdf

3* See FCCC/CP/2001/L.7. Review of the implementation of commitments and of other provisions of the
Convention. Preparations for the first session of the Conference of the Parties serving as the meeting of the
Parties to the Kyoto Protocol (Decision 8/CP.4). Decision 5/CP.6. Implementation of the Buenos Aires Plan of
Action. .

3 The Pronk text, along with the COP6bis agreement, prohibits first commitment period crediting of CDM projects
that avoid deforestation.

% This figure is drawn from the Annex Table 1 of the April 9 draft of the Pronk text, which adopts Pronk adopts the
accounting approach for Article 3.3. activities suggested by the IPCC Special Report of LULUCF. This
approach yields an Article 3.3 debit of 7 MtCe/yr from net afforestation, reforestation, and deforestation
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activity, which under the Pronk approach could be offset fully by undiscounted forest management activities.
Thus the 42 MtCe/yr estimate is based on 85% x (288 — 7) MtCe/yr.

37 The Pronk proposal also allowed this cap to be filled through afforestation and deforestation activities in the CDM.

38 Missfeldt and Haites (2001) use a central estimate of 50 MitCelyear at $7.50/tCe for CDM afforestation and reforestation
projects. They also assume the availability of 150 MtCe/year at $15/tCe for Article 3.4 sinks in Annex B countries. Note
however that the Pronk 85% di on forest projects would, in principle, increase their cost accordingly (by

1/.15 or 6.7 times). However, given the relatively small quantity (6 MtCe) that could be purchased, lower cost opportunities
in cropland management or the CDM should more than suffice.

% This figure is listed in a footnote to the agreement, since the US was not a party to it.

4 USEPA (1999, 2000) expects voluntary Climate Change Action Plan (CCAP) activities to reduce 2010 methane and high GWP
gas emissions by about 10 percent and 15 percent, respectively, reductions that are not included in their 2010 projections
shown in Table 1. Instead these reductions are embodied in both their and our cost curves.

41 USEPA, 1999, same as above.

2 USEPA, 1999. U.S. Methane Emissions 1990 — 2020: Inventories, Projections, and Opportunities for Reductions,
U.S. Environmental Protection Agency, Office of Air and Radiation, September . http://www.epa.gov/ghginfo.

“USEPA, 2000. Estimates of U.S. Emissions of High-Global Warming Potential Gases and the Costs of
Reductions, Review Draft, Reid Harvey, U.S. Environmental Protection Agency, Office of Air and Radiation,
March. http://www.epa.gov/ghginfo.

4 USEPA, 2001b. Draft U.S. Nitrous Oxide Emissions 1990-2020: Inventories, Projections, and Opportunities for
Reductions. EPA, Washington, DC, September, 2001.

4 USPEA, 1999, 2000, 2001b, same as above.

% The result is a cost curve that is similar and more up-to-date than that vsed in widely cited multiple gas studies
(Reilly et al, 1999a; Reilly et al, 1999b; EERE, 2000).

*7 A similar assumption is used by European Commission (1998). Approximately fifteen percent of N2O emissions
are a byproduct of fuel combustion, largely by vehicles equipped with catalytic converters (USEPA, 2001a).

8 We assume that coal production is a proportional to coal use (i.e. we ignore net imports/exports). USEPA expects
that the marginal methane emissions rate will increase with production as an increasing fraction is expected to
come from deeper underground mines (USEPA, 1999).

° Victor, David G., Nakicenovic, Nebojsa, and Victor, Nadejda, 2001, "The Kyoto Protocol Emission Allocations:
Windfall Surpluses for Russia and Ukraine," Climatic Change 49 (3):263-277, May 2001.

* Grittter, J. 2001. World Market for GHG Emission Reductions: An analysis of the World Market for GHG
abatement, factors and trends that influence it based on the CERT model. Prepared for the World Bank’s

National AL/JI/CDM Strategy Studies Program, March, 2001,

51 We did briefly examine the potential contribution of a CDM fast track for renewables and efficiency, as
embodied in the Pronk text. Applying the power sector CDM model developed by Bernow et al (2001), we
found that a carbon price of $20/tCe would induce only 3 MtCe/yr of new renewable energy project activity by
2010. At a price of $100/tCe, this amount rises to 18 MtCe/yr. Given that a large technical potential for energy
efficiency projects exists at low or negative cost per tCe, fast track efficiency projects (under S MW useful
energy equivalents according to Pronk text) could significantly increase the amount available at lower costs.

52 For the estimated demand for CDM, JI, and ET/hot air from other Annex 1 parties, we used a combination of
EPPA and GTEM cost curves.” (Reilly et al, 1999b, and Ellerman and Decaux, 1998; Vrolijk and Grubb,
2000; Grutter, 2001).

= Our approach is similar to that used in a few other recent studies (Grutter, 2001; Haites, 2000; Missfeldt and
Haites, 2001; Krause et al, 2001; Vrolijk and Grubb, 2000).

% The market clearing price is lower here than in other similar studies, due in large part to a much lower U.S.
demand for international trade, which results from of our aggressive pursuit of domestic abatement options and
the fact that we assume that domestic policies and investments should be done as a matter of sound energy and
environmental policy (i.. they are price-inelastic).
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Total Energy Consumption by Fuel and by Sector in 1990 {Quads)

Residential Commercial Industrial Transportation Electricity Total
Coal 0.06 0.10 2.75 0.00 16.20 9.1
Oil 1.27 091 831 21.81 123 33.53
Gas 452 276 8.47 0.68 2.88 1931
Nuclear 0.00 0.00 0.00 0.00 6.19 6.19
Hydro 0.00 0.00 0.00 0.00 2.99 299
Non-Hydro 0.83 0.09 2.07 0.00 0.50 349
Primary Total 6.68 3.86 2160 22.49 29.9%9 84.62
Electricity 3.15 2.86 3.24 0.01 9.26
End-Use Total 9.83 6.72 24.84 22.50 63.89
Total Energy Ci by Fuel and by Sector in 2005 (Quads), Base Case
1 Commercial Industrial Transportation Electricity Total
Coal 0.05 0.07 262 0.00 21.43 24.18
Qil 142 0.66 9.95 29.06 032 4141
Gas 5.46 37 10.43 0.83 541 25.84
Nuclear 6.00 0.00 0.00 0.00 7.90 7.50
Hydro 0.00 0.00 0.00 0.00 3.08 3.08
Non-Hydro 0.43 0.08 242 0.03 110 4.06
Primary Total 7.36 4.52 25.42 29.91 39.25 106.46
Electricity 449 434 3.90 0.09 12.82
End-UseTotal 11.85 8.86 29.32 30.60 80.04
Total Energy Consumption by Fuel and by Sector in 2005 (Quads). Policy Case
Commercial Industrial Transportation Electricity Tatal
Coal 0.05 0.07 225 0.00 17.26 19.63
Oil 1.41 0.64 9.40 27.80 0.23 39.49
Gas 5.35 374 10.27 0.83 4.48 24.67
[Nuclear 0.00 0.00 0.00 0.00 790 7.90
Hydro 0.00 0.00 0.00 0.00 312 312
Non-Hydro 043 0.08 2.46 0.21 4.03 721
Primary Tofal 723 4.53 24.39 28.84 37.03 102.02
Electricity 427 4.01 338 0.09 1175
End-UseTotal 11.50 8.54 27.77 28.93 76.74
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Total Energy Consumption by Fuel and by Sector in 2010 (Quads), Base Case

Resid Commercial Industrial Transportation Electricity Total
Coal 0.05 0.07 2.62 0.00 2241 25.16
0il 129 0.67 10.55 3174 0.19 44.43
Gas 5.70 3.89 11.14 0.99 697 28.69
(Nuclear 0.00 0.00 0.00 0.00 7.69 7.69
Hydro 0.00 0.00 0.60 0.00 3.08 3.08
[Non-Hydro 0.43 0.08 2.64 0.04 1.60 4.79
Primary Total 7.47 4.71 26.95 32.77 41.94 113.84
Electricity 4.95 4.86 417 0.12 14.10
End-UseTotal 1242 9.57 3112 32.89 86.00
Totat Energy Consumption by Fuel and by Sector in 2010 (Quads). Policy Case

R Commercial Industrial Transportation Electricity Total
Coal 0.05 0.07 2.09 0.00 10.74 12.95
Oil 126 0.62 9.15 2738 0.28 38.70
Gas 539 3.93 10.73 0.99 6.33 27.37
(Nuclear 0.00 0.00 0.00 0.00 791 791
Hydro 0.00 0.00 0.00 0.00 312 3.12
'Non-Hydro 043 0.08 2.76 0.54 7.02 10.83
Primary Total 713 4.71 24,74 2891 3540 100.88
Electricity 4.12 3.79 291 0.12 10.93
End-UseTotal 11.25 8.49 27.64 29.03 76.41
Percentage Difference in Primary Consumption by 2610 Relative to 1990

Residential Commercial Industrial Transportation Electricity Total
Coal -13% -28% -24% NA -34% -32%
Oil -1% -32% 10% 26% -11% 15%
Gas 9% 2% 2% 45% 120% 42%
(Nuclear NA NA NA NA 28% 28%
Hydro NA NA NA NA 4% 4%
Non-Hydro -48% -8% 33% NA 1304% 210%
Primary Tofal T% 